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THE EAST IN EARLY NINETEENTH CENTURY 
ENGLISH POETRY* 

BT 

BIRJADISH PARSAD, M.A., 

^ Research Scholar, Department of English Studies 

Early References — 

Since the days of Chaucer down to the close of the 
eighteenth century, English poets had frequently drawn 
upon the East for inspiration. As early as the first half of 
the fourteenth century, Chaucer’s Knight had been with 
the Lord of Palatye “ agayn an hethen in Turkye,” and had 
pfought beside renowned monarchs in several theatres of war 
in the East. In the Elizabethan period, Marlowe wrote a 
^play on Tamburlaine ; in Shakespeare the references are 
many. Oberon’s fairy kingdom lay in the Far East — “ the 
^farthest steep of India ” — ^while the Venetian Antonio’s 

• This is the first paper on the subject of The East in Romantic 
Literature. Fiction and Drama will be dealt with by other 
scholars in subsequent years. — A, Jha, 
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trade extended to Eastern waters; ultimately when his 
ventures fail, not one boat returns, 

“ From Tripolis, from Mexico and England, 

From Lisbon, Barbary and India.” 

In the Caroline age, Milton makes excursions to the East 
in Paradise Lost. He speaks “ of Ganges or Hydaspes, 
Indian streams,” and later refers to “ A^ra and Delhi of 
Great Mogul,” both places of world-wide repute in his days. 
In the Augustan period, Dryden brought out a play on the 
last of the Mogul emperors, Aurangzehe. After him and 
his great successor. Pope, as the classical tradition waned, 
the early romantic poets of the late eighteenth century, tired 
of classics, sent out their imaginations to fresh woods and 
new pastures, among which the auriferous East was also 
sought out. Thomson in his Winter spoke of the “ golden 
coast of rich Cathay ” as the haunt of busy caravans plying 
their trade through snowy deserts, while Cowper in The 
Task censured the London millionaires for having servilely 
overgorged their purses with the wealth of Indian pro- 
vinces. But during these ages, owing partly to the lack of 
proper intercourse between East and West, and partly to 
the monopolization of the English Parnassus by Greek and 
Latin literatures, the study of the East was rudimentary 
and partial. Fantastic tales were current about it and 
therefore vagueness and uncertainty prevailed. 

The Romantic Period — 

With the triumph of the romantic wave, 'however, and 
the establishment of trade relations between England 
and the oriental countries, the former insularity of the 
English poets was, to some extent, conquered, and Eastern 
stories came to play a role in English poetry along with 
classical legends. In some instances, as will be seen here- 
after, they became a formidable rival' of their European 
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compeers and assumed an importance unforeseen in the 
annals of literature. 

Southey — 

The process begins with Southey. Even before Byron 
and Moore, he annexed the East as a province of romantic 
poetry; and though the English audience, for some time, 
looked askance at his novel efforts, he stuck fast to his 
scheme, formulated early in life, and produced his ThaLaba 
and Kehama in spite of them. In Thalaba, the Destroyer, 
he treats of Arab life in its various phases and allows a 
liberal latitude to Muslim mythology. It is a tale of an 
Arab orphan, whose father is murdered by a race of sorcer- 
ers and whose mother is recently dead, being brought up in 
the tent of a neighbour and subsequently avenging his 
father’s murder by destroying the entire seminary of the 
sorcerer-infidels after a series of dauntless adventures.. He 
introduces a romantic element in the loves of Oneiza, the 
neighbour’s daughter, and Thalaba, but soon after their 
marriage, which takes place accidentally in the course of 
the latter’s adventures, the lovers are divided by the pre- 
mature demise of Oneiza. The story is full of supernatural 
events, and at every step the power of talisman, magic, 
necromancy, sorcery, and divine intervention, is brought to 
our sight. Thalaba himself is a delegated destroyer, 
singled out by Providence for this heroic enterprise and 
his success is due not so much to his personal character as 
to the ever-attending forces of magic at Jiis command. The 
sorcerers with whom he has to deal are, likewise, arm^ 
with miraculous powers and can turn a parched waste into 
a beautiful valley at their will. They are inhabitants of 
magic caverns under the roots of the sea. Yet in the midst 
of all these marvels of Eastern supernaturalism, Southey 
has given us scenes from the nomadic life of the Arabian 
desert, which do credit to his observation and vivid 
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imagination. Describing Thalaba’s early life in the tent 
of his foster-father, he says — 

“ Domestic peace and comfort are within. 

Under the common shelter, on dry sand, 

The quiet camels ruminate their food; 

The lengthening cord from Moath falls. 

As patiently the Old Man 

Entwines the strong palm-fibres; by the hearth 
The Damsel shakes the cofiee-graius, 

That with warm fragrance fill the tent; 

And while, with dexterous fingers, Thalaba 
Shapes the green basket, haply at his feet 
Her favourite kidling gnaws the twig, 

Eorgiven plunderer, for Uneiza^s sake.^^ 

This is. how he describes their daily round of evening life — 

’Tis the cool evening houi*: 

The Tamarind from the dew' 

Sheathes its young fruit, yet green. 

Before their tent the mat is spread; 

The Old Man’s solemn voice 
Intones the holy book. 


Their Eather is their Priest, 

The Stars of Heaven their point of Prayer, 

And the blue Firmament 
The glorious Temple, where they feel 
The present Deity.’’ 

But the mythological part of this life claims Southey’s 
special attention. , In fact, the action begins with a 
magnificent description of Shaddad’s Palac€J or Bagh-i- 
Irem, and, as the story progresses, embraces, a very large 
portion of Mohammedan mythology. The legend of 
Leileth-ul-Cadr, the night when prayers are believed to be 
most effectual, the story of Zohak’s serpents, which kept 
constantly gnawing at the tyrant’s shoulders, the fable of 
Zaccoum or the tree of Hell — all come "under the poet’s 
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ken at proper occasions; while the entire story illustrates 
the power of talismans and amulets, which are still preva- 
lent among orthodox Mohammedan families. 

In the Curse of Kehama, Southey turns to the religion 
of the Hindus for the theme of his poem. The mythol(^i- 
cal element, as with its predecessor, forms the chief feature 
of the narrative, although it is skilfully subordinated to 
the plot. It is the story of a tyrannous Hindu monarch, 
Kehama, who has snatched immense power from the gods 
by his “ yags ” and sacrifices. In response to the spirit 
of his dead son, who had been murdered by Ladurlad for 
attempting to violate his daughter, Kailyal, he pronounces 
a curse on the poor man, the terms of which, besides pre- 
scribing a state of perpetual mental agony, include the 
denial of every facility of life to him, — water, air, food and 
the like, — and an injunction to Death to shun his body. 
His sway being unlimited, extending as it does over the 
animate and inanimate world, his curse is readily under- 
stood, and water, air, food. Death itself, scrupulously keep 
themselves away from him. He attempts to die but the 
“ fell sergeant ” would not touch his person. Thus, together 
with Kailyal, he passes his days in perpetual misery and 
tribulation, suffering exceedingly at the hands of Kehama, 
and there seems to be no hope of deliverance. The monarch, 
in the meanwhile, goes on performing “ yag ” after “ yag ” 
adding to his power till he has complete sovereignty over 
Earth, Heaven, and Hell and threatens to oust Seeva 
himself from his throne. Desperate in his sufferings yet 
strong in his faith, Ladurlad goes to Heaven and prays to 
Seeva to redress the wrongs under which mother Earth is 
groaning. The Almighty promises revenge, and when 
Kehama after conquering the entire universe goes to 
Heaven to demand the Amreeta Cup as a token of un- 
challenged authority, the inevitable nemesis of fate follows. 
He is given the cup and as he drinks its contents, which 
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were variable according to the character of the drinker, he 
receives poison instead of nectar, and, after his death, 
takes his place by the side of the doomed under the throne 
of Seeva. 

It would appear, therefore, that the story, besides 
being a collection of ancient Hindu legends carefully woven 
together, is also a storehouse of Indian supernaturalism. 
It probes into the mysteries of Heaven and Hell, and a very 
large part of the action takes place in regions like Mount 
Meru and Swerga, where human frailties are superseded by 
supernatural powers. The gods themselves are easily ac- 
cessible as in the golden age of the Hindus, or “ satyuga,” 
and play their part side by side with the mortals. The 
poem, throughout, illustrates the ancient Hindu belief in 
the power of curses, and the efficacy of prayers, penancess 
and sacrifices. Kehama’s “ yags ” and sacrifices are 
rewarded with boons or “ vardans ” from the gods, among 
which is one conferring the power to curse. It is as a 
result of these that he works havoc in the universe and 
defies the Almighty himself. The atmosphere of the 
narrative is, therefore, necessarily religious. As a counter- 
part to Kehama’s defiant character, he gives us the 
beautiful sketch of Ladurlad, who typifies in himself the 
highest virtues of a proverbial Hindu devotee. Some of 
his greatest victories are achieved in suffering — 

‘ ‘ 0 force of faith ! 0 strength of virtuous will ! 

Behold him in his endless martyrdom, triumphant still! ” 

The Ganges, “ The Holy River, the Redeeming Flood,” is 
also introduced as a part of the supernatural. The poet 
has laboriously traced out its mysterious genesis, and sums 
up its course in the following lines : — 

“ Aud thence through many a channel dark and deep, 

Their secret way the holy waters wind. 

Till, rising underneath the root 



NINETEENTH CENTURY ENGLISH POETRY 


7 


Of the Tree of Life on Hemakoot^ 

Majestic forth they flow to purify mankind.’’ 

In an earlier part he mentions it with reference to another 
incident. Casyap, the warder of heavenly bowers, refus- 
ing admission to Kailyal in his sanctuary, says : — 

That must not be, 

For Force and Evil then would enter here; 

Ganges the holy stream which cleanseth sin, 

Would flow from hence polluted in its springs, 

And they who gasp upon its banks in death, 

Feel no salvation.” 

But the supernatural, though an essential part of the 
story, gives place at times to realistic scenes from Hindu 
life. The tale begins with a funeral, and all the ceremonies 
connected therewith, as well as the ancient custom of 
“ Satee ” claim the poet’s attention. The mention of the 
marriage-knot (mangal sutra) in the function, which alone 
of all ornaments was left on the person of the widow 
mounting the funeral pyre, as well as the names of the 
characters, suggest that the scene of action of the story is 
laid in Southern India. The splendour of Kehama’s court 
is reproduced in .the following lines : — 

“ Within the temple, on his golden throne 
Heclined, Kehama lies. 

Watching with steady eyes 

The perfumed light that, btirning bright. 

Metes out the passing hours. 

(In either hand his eunuchs stand. 

Freshening with fans of ])eacock-plume8 the air. 

Which, redolent of all rich gums and flowers. 

Seems, overcharged with sweets, to stagnate there.” 

The ancient ceremony of “ Aswamedh ” or “ Raisooyag,” 
by which a king announced his intention of becoming a 
“ chakravarti ” or unchallenged monarch of the world, and 
for which a sacrifice of . a hundred horses was essential, is 
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also hinted at in passing. But the most characteristically 
Indian is, perhaps, the des6ription of the dwelling scene 
of Ladurlad when after vitiating the “ Aswamedh yag ” of 
Kehama he returns to his cottage, with the curse pursuing 
his steps, and notices the familiar tank, the lotus, the 
cattle resting their weary limbs in water, and the din of 
the market-day : — 

‘‘ The market-flaj^ which hoisted hij>h, 

From far and nigh. 

Above yon cocoa grove is seen, 

Hangs motionless amid the sultry sky. 

Loud sounds the village drum; a happy crowd 
Is there; Tjadurlad hears their distant voices, 

But with their joy no more his heart rejoices. 


The tank which fed his fields was there, and there 
The large-leaved lotus on the waters flowing. 

There, from the intolerable heat 
The buftaloes retreat; 

Only their nostrils raised to meet the air, 

Amid the sheltering element they rest.” 

Thus, through a maze of the most extraordinary happen- 
ings, we catch glimpses of the ancient civilization of the 
Hindus, of their courts and palaces, cottages and shrines, 
religion and culture, traces of which are still available in 
Indian villages. The spirit of the poem, as Southey says 
in the Preface, is thoroughly Indian though there is 
nothing oriental in the style. 

In his Roderick the last of the Goths, a stpry based on 
the Moorish conquesit of Spain, the poet takes another 
opportunity of dealing with Mohammedan religion. As 
the invasion and subsequent victory of the Moors from the 
central point in the narrative, he gives us vivid pictures of 
their manners, their dress, their weapons of war, their 
mode of worship, their daily colloquialisms, in fact of the 
entire civilization of Islam as represented by its soldiers. 
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As the scene of action is laid in a Christian land, the two 
civilizations are curiously contrasted. Amo^g the accoutre- 
ments of the conquerors. Southey spots out 

“ White turbans, glittering armour, shields engrailed 
With gold, and scymitars of Syrian steel.” 

The Moorish chiefs lead the attack in the name of “ Allah 
and the Prophet This is how he gives a rendering of 
the Muslim ritual : — 

“ Ere long the stir of occupation ceased, 

And all the murmur of the busy host 
Subsiding died away, as through the camp 
The crier from the knoll proclaimed the hour 
For prayer appointed, and with sonorous voice, 

Thrice in melodious modulation full. 

Pronounced the highest name. There is no god 
But God, he cried ; there is no god but God ! 

Mohammed is the Prophet of the Lord ! 

Pome ye to prayer ! to prayer ! The Lord is great ! 

There is no god but God!” 

An interesting feature of the story is that the renegade 
Spaniards, who had joined the Moorish camp, forsake their 
own colloquial forms of expression and speak in a Muslim 
manner interspersing their interlocutions with the name 
of “ Allah ” and invoking the Caliph’s power at every turn 
of their conversation. The Muslim belief in ” One God, 
one Chief, one Prophet and one Law ” is also faithfully 
brought out. The fable of Humma or the phoenix, the 
falling of whose shadow on a man’s head is believed to be 
a sure sign of royalty, the conception of the Houris, the 
n3miphs of Paradise, and the heavenly existence of the Holy 
Prophet, are some of the Mohanunedan beliefs referred to 
in the poem. The composition of the Moorish army is thus 
described : — 

” .Toined in the bonds of faith 
Accurs’d, the most flagitious of mankind 
F.2 
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From all parts met are here; the apostate Greek, 

The vicious Syrian, and the sullen Copt, 

The Persian cruel and corrupt of soul. 

The Arabian robber, and the prowling sons 
Of Africa.” 

This brings us to the close of the narrative. Among 
shorter pieces Southey has an imitation from Persian, in 
which, though the style is different, the idea is essentially 
oriental. It is a supplication to the Aliriighty in which 
the poet, with almost an Eastern’s resignation, lays before 
the Lord “ his nothingness, his wants, his sins, and his 
contrition.” 

Wordsworth — 

Wordsworth was not so punctilious in details as. 
Southey, though his interest in the East cannot be 
questioned. With him the treatment assumes a variety of 
forms. In an early poem entitled The Armenian Lady's 
Love, he relates the story of an Armenian princess’s 
amours with a Christian Count enslaved in her father’s 
court, and of her proposal to escape which ultimately 
fructifies. The noble Count, thereupon, is so moved by her 
benignant suggestion that in acknowledgment of her 
Christian-like virtue he thanks the Almighty with the 
Eastern ejaculation of “ Gracious Allah ! ” In the 
Ode to Enterprise, the East is represented as the home of 
adventurous exploits — 

Thee winged Fancy took, and nursed 
On broad Euphrates’ palmy shore. 

And where the mightier waters burst 
From caves of Indian mountains hoar!” 

In Peter Bell, the arched rocks, through which Peter was 
driving his ass, are compared to “ Hindoo temples.” In 
the poem Suggested by a Picture of the Bird of Paradise 
he speaks of “ India’s spicy regions ” and of the heavenly 
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Qlendoveers (or Gandharvas) of Hindu mythology. In the 
Solitary Reafer, the East becomes a place of romantic 
charm : praising the symphony of her delightful song, 
he says: — 

“ No uightiugale did ever chaunt 
More welcome notes to weary bands 
Uf travellers in some shady haunt 
Among Arabian sands.” 

It is a romance of the sort which Keats discovers in “ faery 
lands forlorn.” 

In the Prelude, as well as the rest of his poems, the 
references are as varied as in the foregoing. In Book V 
of the Prelude the poet narrates his strange experiences of 
an “ Arab phantom ” in which he saw an Arab of the 
Bedouin tribes mounted on a camel, carrying a stone in one 
hand and a shell in the other. In the same book he tells us 
that one of his precious belongings during his university 
days was ‘ ‘ a little yellow, canvas-covered book ” of Arabian 
tales, the three remaining volumes of which he could never 
buy. His study of ” geometric science ” in Book VI, was 
conducted with “ Indian awe and wonder.” Giving a 
description of the motley crowd in London thoroughfares, 
in Book VII, he particularly makes mention of 

‘‘ the stately and slow-moving Turk, 

With freight of slippers piled beneath his arm !” 

and of the 

” Moors, 

Malays, Lascars, the Tartar, the Chinese, 

And Negro Ladies in white muslin gowns. 

Describing the tug of war between the royalists and the 
revolutionaries during the days of the French Revolution, 
he elucidates the whole contest in the language of an 
Eastern hunt — 

” They — who had come elate as Eastern hunters 
Banded beneath the Great Mogul, when he 
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ErewMle went forth from Agra or Lahore, 

Eajahs and Omrahs in his train, intent 
To drive their prey enclosed within a ring 
Wide as a province, but, the signal given, 

Before the point of the life-threatening spear 
Narrowing itself by moments — they, rash men. 

Had seen the anticipated quarry turned 
Into avengers, from whose wrath they fled 
In terror.” 

In one of his Sonnets to National Independence and 
Liberty^ he reveals a satirical outlook. Like other Tories 
of his age, he exults in the glory of his country; but is 
pained at England’s conservatism : — 

” and, at this day, 

If for Greece, Egypt, India, Africa, 

Aught good were aestined, thou wouldst step between. 
England! all nations in this charge agree.” 

In another sonnet in the Duddon series, while describing 
the Kirk of Ulpha, the poet indulges in a little oriental 
imagery. He says that it is as welcome to the pilgrim’s 
eye 


“ As a fruitful palm-tree towering high 
O'er parched waste beside an Arab's tent; 

Or the Indian tree whose branches, downward bent, 

Take root again, a boundless canopy.” 

The last two lines, which describe the famous banyan tree 
of India, bear a close resemblance to Milton’s description 
of the fig tree in Paradise Lost. This tree, he says, 

'' In Malabar or Decau spreads her arms 
Branching so broad and long, that in the ground 
The bended twigs take root, a pillar'd shade 
High overarch't, and echoing walks between.” 
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In the sonnet on Imaginative Regrets in “ Ecclesiastical 
Sonnets,” Wordsworth’s imagination carries off the lamen- 
tation to Eastern climes — 

“ Proud Tiber grieves, and far-off Uang^, blind 
As his own worshippers: and Nile, reclined 
Upon his monstrous urn, the farewell moan 
Benews. Through every forest, cave, and den, 

Where frauds were hatched of old, hath sorrow past — ” 

and also 

“ Hangs o’er the Arabian Prophet’s native Waste.” 

In Eminent Reformers, a sonnet in the same series, he 
speaks of the “Spicy shores of blest Araby.” 

The Excursion contains a beautiful allusion to a Hindu 
legend. In Book III, the Solitary, discussing the 
philosophy of human life, explains its hidden source in the 
following manner : — 

as the Hindoos draw 
Their holy Ganges from a skyey fount, 

Even so deduce the stream of human life 
From seats of power divine; and hope, or trust, 

That our existence winds her stately course 
Beneath the Sun, like Ganges, to make part 
Of a living ocean ; or, to sink engulfed. 

Like Niger, in impenetrable sands 
And utter darkness.’^ 

Varied, therefore, though the references# are, they 
leave no doubt as to Wordsworth’s appreciation of the 
East. But various motives may be assigned for their 
specific mention. Sometimes it is for the mystic effect, 
with which he tries to clothe his idea as in the Prelude 
where he speaks of the subtle “ Indian awe and wonder ” 
with which he meditated on the abstractions of geometric 
science: sometimes, like Keats later, to lend a charm of 
distance to his description as when he refers to “ Caves of 
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Indian mountains hoar ” in the Ode to Enterprise, or to 
“Arabian sands ” in the Solitary Reaper; and sometimes, 
tired of the monotonous English imagery, he may be said 
to enjoy a holiday in Eastern lands in the train of Rajahs 
and Omrahs with the Great Mogul leading the hunt, or 
jostling with the stately and slow-moving Turk in the 
streets of London, or resting beneath the shade of that 

ludiau tree whose branches, downward bent. 

Take root again, a boundless canopy,” 

or perhaps whiling away his time by reading Arabian 
tales from his “ little yellow, canvas-covered book ” in the 
Prelude. 

But apart from his actual references to our clime, 
Wordsworth may even be regarded as an oriental philoso- 
pher. The strong sanctity of animal life advocated in his 
nature poems and his philosophy of human life, with the 
ever-resounding “ stiU, sad music of humanity ” bear a 
close resemblance to the teachings of oriental thinkers. As 
it has been, time and again, preached by Hindu divines, 
the world with him is “an unsubstantial, faery place” 
unfit for living, while “ that blessed mood, 

“ In which the burthen ol‘ the mystery, 

In which the heavy and weary weight 
Oi all this unintelligible world, 

Is lightened: — that serene and blessed mood, 

In which the aftections gently lead us on, — 

Until, the breath of this corporeal frame 
And even the motion of our human blood . 

Almost suspended, we are laid asleep 
In body, and become a living soul : 

While with an eye made quiet by the power 
Of harmony, and the deep power of joy, 

We see into the life of things,'' 

is of the very essence of “ yoga.” And the mysterious 
idea, expressed in the famous passage Our birth is but a 
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sleep and a forgetting ” has a lurking oriental flavour, 
even though it is entirely Wordsworth’s own or at most 
Plato’s. 

Coleridge — 

With Coleridge a reaction sets in. Possessed of a 
metaphysical genius, soaring always in the transcendental 
regions of philosophy, he shows little interest in things 
oriental. His references to these are therefore necessarily 
few. Except the stately fragment of Kubla Khan and a 
solitary sonnet on Mahomet, “ the enthusiast warrior of 
Mecca, who chose good from iniquity rather than evil from 
goodness,” hardly anything else has been vouchsafed to us 
in this connection. But concerning the former there has 
often been a misunderstanding. It is in fact not so much an 
illustration of his interest in the East as of his metaphy- 
sical bent of mind. Though essentially an Eastern story 
from the name of its hero, it is hardly different from 
the supernatural part of the Ancient Mariner. It is 
of small significance that the vision seen by the poet was 
of an oriental monarch. Had he been reading some other 
fantastic story prior to his momentous sleep, the result in 
all probability would have been similar. But as it was, 
the sleep came at the moment when he was reading of 
Kubla Khan (in Purchas’s Pilgrimage), and so, according 
to his habit acquired early in life, the same “ thing ” was 
reproduced in the form of a “ vision.” That the imagery 
and setting are thoroughly Eastern and quite accord with 
our own magic lore, is a mere matter of chance and can 
hardly be said to be intentional or generally illustrative of 
his treatment of the East. 

Scott — 

The same is practically true of Scott. Essentially a 
poet of the Celtic Border, whose sole powerful spell 
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consists in “ old romaunts of errantry,” he does not seem to 
find much inspiration in the sunburnt East. This probably 
accounts for the comparative scarcity of oriental references 
in his poetry. Though professing to seek his materials 
equally in the ancient legends of Border chivalry or fairy- 
folk, and “the oriental tales of Afrite fell,” it does not 
require much observation to realise that, in spite of his 
scattered allusions to “ Agra’s silken loom ” in the Lay of 
the Last Minstrel or to a few Mohammedan manners, — as 
to their exclamations of Alla and Mahomet and the chant- 
ing of the prayer from the mosque — in the Vision of Don, 
Roderick, the East scarcely inspires his lyre. In the few 
instances where we catch him admiring oriental objects as 
in the Bridal of Triermain where he minutely describes 
the beauty of the four Eastern maidens in the magic castle 
of St. John, with their hue of golden glow 

“ That suns of Candahar bestow,” 

and their nails tinged with henna in eastern pomp, one 
can hardly avoid the conclusion that it is only as an illus- 
tration of his fairy lore, or in furtherance of the romantic 
effect, that he takes the trouble to make mention of them. 
To him, as to his ancient predecessors like Spenser and 
Shakespeare, in whose time inadequate means of commu- 
nication precluded a closer understanding of the East, 
East is a fairy land with all the charms of magic and 
enchantment rather than a portion of the habitable globe. 
Where, however, he is alive to its earthly existence, he 
takes care not to grow too familiar with * it and, thus, 
keeps it intact as a nursery of romantic objects. The 
mention of the alluring “ soft garb of Persia’s loom ” in 
Lyulph’s tale in the Bridal of Triermain and of the 
“ silken couch of Ind ” in Fitztraver’s Song in the Lay 
of the Last Minstrel may be taken as an illustration of 
this viewpoint. Whatever else may be said of his novels, 
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where he betrays a closer acquaintance with the Eastern 
world, in his poetry the East does not take even a frag- 
ment of that passionate form which it was later to assume 
in the hands of his competitor, Byron, and others of his 
younger contemporaries. 

Byron — 

To Byron more than to any other poet of his genera- 
tion is due the credit of transgressing the bounds of 
narrow insularism of his race and popularising the East 
in English poetry. Although Southey had prepared the 
ground before him and was the first to substitute Eastern 
for cla^ical legends, his voice was meek and could not be 
distinctly heard. But Byron bewitched the English 
audience and compelled them, by the magic of his voice, 
to hear his Eastern stories. 

His Giaour, the first of the series, is a fragment of 
a Turkish tale, telling of the loves of Leila, a Turkish 
slave, and Giaour, a Venetian youth, of the tragic drown- 
ing of the former by her master, Hassan, for this innocent 
intrigue, and of the lover’s subsequent embarking on a 
course of revenge, which culminates in the murder of the 
tyrant. The scene of the story is laid in Greece but the 
entire action takes place under Turkish auspices. It 
begins with the popular feast of Bairam at the end of 
Ramzan, the fasting month of the Mohammedans, and the 
descriptions — for there is hardly any action, — are care- 
fully couched in an oriental vein. The Rose is referred to 
as “ Sultana of the Nightingale,” echoing the well-known 
Persian fable of the loves of “ Bulbul and Gul,” while 
the allurement of Beauty is explained with reference to 
an Eastern simile : — 

“ As rising on its purple wing 
The insect queen of Eaetem spring, 

F,3 
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O’er emerald meadows of Kashmeer 
Invites the young pursuer near, 

And leads him on from flower to flower 
A weary chase and wasted hour, 

Then leaves him as it soars on high, 

With panting heart and tearful eye : 

So Beauty lures the full-grown child, 

With hue as bright and wing as wild; 

A chase of idle hopes and fears. 

Begun in folly, closed in tears.” 

The charm of Leila’s eyes is, similarly, expressed through 
a series of Persian fables and similes, among which is 
one comparing them with the dark blue eyes of the 
Gazelle or the antelope. The most remarkable point 
emerging from these is that they illustrate the poet’s 
interest in oriental phraseolc^, even to the extent of 
employing a large number of Arabic and Persian words in 
the narrative, such as Sultana, Haram, Fakir. Dervise, 
Emir, Salam, Serai, Gazelle, Alla, Mufti, Franguestan, 
Pasha, Bishmillah, Chiaus, Amaun, Caftan, etc., etc. 
The list is considerably extended in his succeeding 
tales. 

But though the employment of Eastern similes and 
Eastern phraseology is the prominent feature of the tale, 
the poet is not for that reason blind to other aspects of 
oriental life. Like Southey he can indulge in Muslim 
mythology, and the legend of Al-sirat, the fabulous bridge 
leading to Paradise, the miraculous story of the jewel in 
King Jamshed’s goblet, which was supposed to reflect the 
entire universe to the gazer, the notion of the Houris, the 
nymphs of Paradise, and the legend of Monker and 
Neker, the guardian angels, are all exploited for local 
colouring. Towards the end of the story he makes refer- 
ences to the Mohammedan method of burying the dead, 
often with the epitaph in Qoran yprses, to their usual 
pilgrimage to the Holy Shrine, to their mode of prayer. 
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and to the very important Qoranic injunction against 
wine : — 

A turban carved in coarBest stone, 

A pillar with rank weeds overgrown, 

Whereon can now be scarcely read, 

The Koran verse that mourns the dead, 

Point out the spot where Hassan fell 
A victim in that lonely dell; 

There sleeps as true an Osmanlie 
As e^er at Mecca bent the knee; 

As ever scorn’d forbidden wine. 

Or pray’d with face towards the shrine, 

In orisons resumed anew 
At solemn sound of “ Alla flu!” ” 

In the Bride of Abydos, which follows next, even the 
little extravagance of the mythological element, noticeable 
in its predecessor, gives place to a faithful description of 
Turkish life. The very opening lines of the tale set out 
the East in all its romance — 

“ Know ye the land where the cypress and myrtle 
Are emblems of deeds that are done in their clime? 

Where the rage of the vulture, the love of the turtle, 

N^ow melt into sorrow, now madden to cfrime ! 

Know ye the land of the cedar and vine, 

Where the flowers ever blossom, the beams ever shine ; 

Where the light wings of Zephyr, oppress’d with perfume, 

Wax faint o’er the gardens of Gul in her bloom; 

Where the citron and olive are fairest of fruit. 

And the voice of the nightingale never is mute : 

Where the tints of the Earth, and the hues of the sky, 

In colour though varied, in beauty may vie, 

And the purple of ocean is deepest in dye; 

Where the virgins are soft as the roses they twine, 

And all, save the spirit of man, is divine? 

’Tis the clime of the Fast; His the land of the Sun — 

Can he smile on such deeds as his children have done? 

Oh 1 wild as the accents of lovers’ farewell 

Are the hearts which they beat, and the tales which they tell.” 
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The story may be told in a few sentences. Giaffir, a 
Turkish Pasha, having secretly poisoned his brother, 
adopts his son, Selim, as an expiation for his crime. The 
child, ignorant of the secret, is brought up along with his 
daughter, Zuleika, with whom he contracts an enduring 
love. A little later the surprising revelation of his 
father’s murder, coupled with the constant rebukes of his 
uncle, drives him to a desperate course and he elopes with 
her, intending to marry. But as she is betrothed to a 
nobleman of her father’s choice and the day of her 
nuptials is near at hand, they are hotly pursued by 
Giaffir and his party, and, when discovered, a tussle ensues. 
Selim dies in the tussle and when all is over, Zuleika 
follows suit, completing the catastrophe. 

The narrative is, throughout, replete with life and 
vigour and holds up before us in the person of Giaffir, a 
view of Turkish sternness. With martial blood coursing 
in his veins, the least indication of lightsomeness or un- 
soldierly behaviour is like a red rag to him and brooks his 
severest censure. He can rail at his nephew, who is 
amorously inclined, for his unmanly pursuits, and cry out 
like a zealous patriot — 

“ Thou, who wouldst see this battlement 
By Christina cannon piecemeal rent; 

Nay, tamely view old Stambol’s wall 
Before the dogs of Moscow fall. 

Nor strike one stroke for life and death 
Against the curs of Nazareth!” 

He is a hardy Turk and is so truly representative of his 
nation that one could hardly confound him with an Arab 
or a Christian, — the very air around him smacks of a 
Turkish savour. As we proceed along the narration, we 
feel his stern voice resounding in our ears, and his solemn, 
domineering attitude appals us. We seldom catch him 
laughing, his usual posture being grave and stern. When 
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he wields his scymitar we hear its sound from afar and 
grow pale with fear; the loud “ Ollahs ! ” of his slaughter 
sports bewilder us. He is sternly lacking in the milder 
human qualities, his only concern being war and bloodshed. 

As a foil to his belligerent personality, Byron gives 
us Selim and Zuleika, who fleet their time carelessly as 
they did in the golden world. Their early days are spent 
in pastoral simplicity and when we first hear of them, 
they are beguiling their hours with “ Me j noun's tale or 
Sadi's song." Their room is perfumed over with “ Persian 
Atar-gul " or otto of roses, and their camp is the river's 
valley. They are loving, self-sacrificing, and appear to 
be more sinned against than sinning. 

In the midst of this variegated atmosphere, we also 
catch glimpses of haram life. While describing Zuleika's 
chamber, the poet says : — 

Yes! tliere is light in that lone chamber. 

And o’er her silken ottoman 

Are thrown the fragrant beads of amber, 

O’er which her fairy fingers ran ; 

Near these, with emerald rays beset, 

(How (iould she thus that gem forget?) 

Her mother’s sainted amulet. 

Whereon engraved the Koorsee text, 

Could smooth this life, and win the next; 

And by her comboloio lies 
A Koran of illumined dyevs; 

And many a bright emblazon’d rhyme 
By Persian scribes redeem’d from time : 

And o’er these scrolls, not oft so mute, 

Reclines her now neglected lute. 

And round her lamp of fretted gold 
Bloom flowers in urns of China’s mould; 

The richest work of Iran’s loom 
And Sheeraz’ tribute of perfume; 

All that can eye or sense delight 
Are gather’d in that gorgeous room.” 
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The lines leave little for comment. Byron seems to have 
closely followed his oriental observations in giving promi- 
nence to the amulet, the Qoran, and the scraps of Persian 
poetry, these being the necessary requirements of a high- 
bred Mohammedan maiden. As for the fashionable part 
of the furniture, too, he has acted with propriety. The 
gorgeousness of the Orient has well been brought to our 
notice in the “ lamp of fretted gold,” “ urns of China’s 
mould,” “the richest work of Iran’s loom” and, lastly, 
the “ Sheeraz’ perfume.” which was supposed to be the 
finest on the Continent. 

With the Corsair and the Siege of Corinth, a new 
chapter is added to Byron’s treatment of Turkish life. 
He introduces scenes of battle in which the valour of the 
Turks, and their determination, are brought out in clear 
relief. In Corsair, a narrative of a sea fight between a 
gang of Greek pirates and a Turkish monarch, the ven- 
geance cry of “ Alla-il-alla ! ” stands out prominent. The 
rigid etiquette of the Turkish court is faithfully reproduc- 
ed in the formal “Salam”of the slave when on the 
entrance of the chief of the pirate gang in the disguise of 
a dervise, he carries the tidings to the Pasha. The whole 
process is minutely described by Byron in the following 
lines ; — 

“ With cautious reverence from the outer gate 
Slow stalks the slave, whose office there to wait, 

Bows his bent head, his hand salutes the floor. 

Ere yet his tongue the trusted tidings bore.” 

The Siege of Corinth narrates the story 6f a siege in 
which all the horrors of carnage and bloodshed are 
brought to our sight. The Turks are besieging Corinth, 
a Venetian city, assisted by Alp, an exile from Venice, 
now turned a renegade. Besides the gratification of his 
passion for revenge. Alp has yet another axe to grind. 
He is in love with Francesca, daughter of the Corinthian 
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governor, whom he expects to marry in triumph. But 
before the next and the fiercest assault is carried out, 
Francesca comes to him and requests him to renounce the 
Islamic faith and take her hand as a reward. Alp 
declines, and the next morning the whole city is devastated, 
Minotti, the governor, alone surviving. He takes his 
stand in a church, now turned into a magazine store, and 
fights from within. The Turks however advance and as 
they are on the point of desecrating the sacrificial vessel, 
Minotti’s torch accidentally strikes against the magazine 
and the whole host, the victors as well as the Venetians, 
are blown to atoms. 

It is significant that, as in the Corsair, the Turkish 
hordes when marching under the command of their vizier, 
raise their war-cry with “ Alla Hu! ” Their number is 
alarming, and the movement of their troops is singularly 
indicative of their national character : — 

“On Cithaeron’s ridj^ appears 
The gleam of twice ten thousand spears ; 

And downward to the Isthmian plain, 

Krom shore to shore of either main. 

The tent is pitched, the crescent shines 
.Vlong the Muslims’ leaguering lines; 

.Vnd the dusk Spahi’s bands advance 
Beneath each bearded pacha’s glance; 

And far and wide as eye can reach 
The turban’d cohorts throng the beach; 

And there the Arab’s camel kneels. 

And there his steed the Tartar wheels; 

The Turcoman hath left his herd. 

The sabre round his loins to gird: " 

There is a passing reference to “ the Muezzin’s voice ” 
from the mosque at the unearthly hour of midnight, but 
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a more detailed account of it appears in Childe Harold, 
Canto II : — 

“ Hark ! from the mosque the nightly solemn sound. 

The Muezzin’s call doth shake the minaret, 

“ There is no god hut God ! — to prayer — lo ! God is great !”” 

A similar description, it will be remembered, occurs in 
Southey’s Roderick. 

With this the series of the Turkish tales ends, but 
observations on the various phases of Eastern life are 
continued in Don Juan. Here we get a fuller revelation, 
already hinted at in the Bride of Ahydos, of the inner 
life of the Zenana, but it is so grossly represented that 
only a bare analysis of the two chief female characters of 
the East will satisfy our purpose. One is Haidee, a 
Moorish maiden who, when Don Juan is thrown upon her 
island, naked and unconscious, takes him to her moun- 
tain-dwelling and nurses him tenderly with oriental 
hospitality. Not only the name but the very spirit of her 
person is truly Eastern. Like a true born Islamite, she 
takes pity on the “ naked stranger ” — as Don Juan was 
to her in the beginning — and lavishes all her store of 
feminine affection upon him, an affection which not only 
ruins her but makes such a deep impression on the 
Bohemian that he does not forget her even in his most 
trying moments. He forgoes the secret amours of a 
reputed Sultana because “ he has got Haidee into his 
head.” She offers herself to die so that her cruel father 
might spare the life of her dearly-bought lover. Innocent, 
loving and self-sacrificing, she is truly a martyr in the 
cause of love, a cause which costs her her very life. 

At her nuptials she appears in all her splendour and 
according to the country’s custom her eye-lashes are tinged 
with lampblack and her nails purpled with henna. The 
hangings of her room are inscribed with “ soft Persian 
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sentences in lilac letters ” and its floor spread over with 
“ Indian mats and Persian carpets.” The entertainments 
provided at the nuptial feast are peculiarly eastern : — 

“ Afar, a dwarf buffoon stood telling tales 
To a sedate grey circle of old smokers. 

Of secret treasures found in bidden vales, 

Of wonderful replies from Arab jokers.” 

The fabled questions and repartees of Akbar and Birbal 
give us a clue to the diversion described by Byron in the 
last line. The eastern counterpart of the wastern custom 
of telling stories by the hearth on dreary winter evenings 
is furnished by the practice in Eastern countries, specially 
India, of telling tales at bedtime which are usually of the 
type hinted above. The pithy stories of magic ladies trans- 
formed into lords, and tales of linguistic jugglery, are still 
the chief stock-in-trade of village story-tellers here. 

The other female character is Sultana Gulbeyaz, to 
whom Don Juan is sold as a slave. At her bidding, with 
a view to avoid suspicion, he is introduced into her apart- 
ments in the guise of a lady, but the secret being discovered 
by one of her maids-of -honour, the disappointed Queen has 
to get rid of him immediately. Her beauty and wiles are 
characteristically oriental. Not being allowed the freedom 
of open air by custom, she has her own secret modes of 
pleasure in the haram. She instantly falls in love with 
Don Juan and to gratify her lustful passion she has, in her 
employ, a eunuch, who is as artful as her lust would require. 
Aided by this eunuch attendant, she can hoodwink the 
simple Pasha a hundred times over, but in her intrigues 
with Don Juan, in spite of the strictest possible precaution, 
she is outwitted by a trifling mistake which she takes the 
earliest opportunity to rectify; and though vanquished in 
her design, she is supreme as before and the easy-going 
Pasha is, for all we know, never able to detect the amorous 
F.4 
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trespasses of his vagrant wife. She is beautiful, cunning, 
reserved, and far-seeing and rules the Pasha entirely, — a 
Cleopatra in her own limited circle. 

As a critic of Turkish life, therefore, Byron holds a 
unique position in English poetry. But his imagination 
sought other climes too; and now and then we come across 
references to our own land. Besides the already mentioned 
‘ ‘ Indian mats ” with which Haidee’s boudoir Avas carpeted, 
Don Juan’s captive companion at Constantinople is suppli- 
ed Avith a shawl, “ whose folds in Cashmire had been nurst.” 
In the Ode to Napoleon Buonaparte , the great general is 
compared to Timour of Indian history ; and in the Monody 
on the Death oj Sheridan, the poet mourns the death of his 
friend Avith reference to his services to India ; — 

“ When the loud cry ot trampled Hindostan 
Arose to Heaven in her appeal from man, 

His was the thunder, his the avenging rod. 

The wrath — the delegated voice of God! ” 

His imagination, therefore, has a free scope and he is a 
cosmopolitan in his treatment of the East as in the entire 
range of his poetry. But of the Turkish world, undoubted- 
ly, he is the sole accredited representative. 

Shelley — 

With Shelley, however, the Byronic fervour dies down, 
and a more general treatment is substituted instead. The 
first indications of his interest in the East appear in Q^ieen 
Mob, where, referring to the variety of names and attri 
bntes, ascribed to God in different countries, he makes 
mention of Eastern gods and teachers of religion, such as 
Seeva, Buddh, Foh, and Jehovah. He expresses his indig- 
nation at the hypocrisy of the “Brahmins’.’ of every 
country singing hymns to their fanciful gods, while the 
poorer people suffer under the yoke of .misery and poverty, 
in Alastor the wandering poet is tended affectionately by 
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an Arab maiden, ‘‘ who brought his food, her daily portion 
from her father’s tent, and spread her matting for his 
couch,” but she appears to be more a figment of his imagi- 
nation than a maiden of the Bedouin tribes. She has no 
national characteristics and is hardly different from her 
sisters in Europe. She is cosmopolitan like his own 
imagination, and does not seem to resent the poet’s sudden 
departure, who, in the meanwhile, 

wandering on, through Arabie 
And Persia, and the wild Carmanian waste, 

And o’er the aerial mountains which pour down 
Indus and Oxus from their icy caves. 

In joy and exultation held his way; 

Till in the vale of Cashmire, far within 

Its loneliest dell, where odorous plants entwine 

Beneath the hollow rocks a natural bower. 

Beside a sparkling rivulet he stretched 
His languid limbs.” 

It is difficult to locate the vale of Cashmire with its hollow 
rocks and a natural bower of entwining nlants, but perhaps 
jt is a valley of his own country. 

The Revolt of Idam is. similarly, a story of an imagin- 
ary revolution. Though titled as an Eastern tale and 
though its events are supposed to happen in the realm of a 
despotic monarch on the Asian Continent, it is only an 
abstract sermon on liberty and universal brotherhood, and 
is a typical ilhistration of Shelley’s creed of revolutionary 
idealism. Tt is a tale of a brother and a sister, each imbued 
with the socialistic spirit of liberty and fraternity, preach- 
ing their ideals to their fellow countrymen, who happen 
to be ruled by a despot, and reaping the fruits of their 
arduous labour in a mighty revolution which culminates in 
the overthrow of the tyrant. But the fallen monarch, gather- 
ing strength, musters his shattered forces and renews 
hostilities which spell disaster to the revolutimiary 
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reformers, who are ultimately captured and burnt alive, 
though the flames only serve them as flowers and they find 
themselves resting along the brink of a transparent lake, 
enjoying perpetual bliss. The events narrated are fantastic 
beyong belief and do not have the remotest charm of an 
oriental dreamland. Nor is its earthly side, too, at all 
Eastern ; only the list of the great religious teachers of the 
East, which was begun in ‘ ‘ Queen Mab,” is a little extend- 
ed : this time it includes Oromaze, Mahomet, Buddh, 
Zerdusht, Brahm and Foh. The poet is, in fact, so much 
preoccupied with the ever-haunting idea of reform, and the 
humanitarian utility of the revolution, that he hardly seems 
to be aware of its oriental background. 

But the deficiency is made up in another way. While 
the story illustrates elaborately the dreamy and rebellious 
side of his character, it betrays also his close affinity with 
Eastern thinkers. To make life sweeter and happier 
through what appears to be a sort of strict religious disci- 
pline, through truth and non-violence, suffering and self- 
sacrifice, offering love for hate, without malice even for the 
tyrant who tortures, — this is what Laon and Cythna, the 
brother and the sister of the story, have dedicated their lives 
for, spurning the flimsiest enjoyment for themselves and 
living an austerely simple life like Eastern ‘ ‘ yogees. ” The 
revolution is conducted strictly on the lines of “ ahimsa ” 
and love, though the end hardly seems to justify the means. 
The oriental idea of chivalric truth is represented in the 
person of Laon who boldly surrenders himself to be flayed 
alive, after wresting a solemn promise from the tyrant that 
Cythna will be forgiven and sent to America. But though 
in contravention of the promise, Cythna is also included in 
the massacre, for which she shows an eagerness only to be 
equaled by her brother’s, their greatest victory of love is 
achieved in falling. They appear to have brought their 
doctrines from some Eastern fount. 



NINETEENTH CENTURY ENGLISH POETRY 29 

In Rosalind and Helen the cloud-land gives place to 
mother Earth. The poet makes an out-of-the-way refer- 
ence to the ancient Hindu custom of “ Satee.” Says 
Bosalind, refuting the charge of falsehood laid on her in 
her husband’s will : — 

“ In truth, the Indian on the pyre 
Of her dead husband, half consumed, 

As well might there be false, as I 
To those abhorred embraces doomed, 

Far worse than fire’s brief agony.” 

The drama of Hellas, though not falling strictly within 
the purview of this paper, may yet be considered from the 
author’s designating it, and justly, as a lyrical dialogue. 
It is only here that Shelley may be said to make the nearest 
approach to Byron in his representation of oriental life 
Like so many tales of his elder contemporary, the drama 
concerns itself with the tug of war between Greece and 
Turkey and celebrates the liberty of the former from the 
latter’s oppression. The story is simple and may be dis- 
missed in a few words. Mahmud, a Turkish monarch, is 
sleeping in his bed-room at Constantinople when, appar 
ently, a fierce dream awakens him. Instantly he is 
surrounded by his advisers and lieutenants, who inform him 
of the fate of his battle with the Greeks. The news is so 
startling that henceforth he knows no rest, while the Greek 
revolt, as time proceeds, is successfully carried out confirm- 
ing his worst suspicions. 

Like Byron, Shelley’s sympathies are totally with 
the Greeks. He has skilfully depicted the feelings of anger 
and dejection aroused in the Turkish Pasha as the constant 
tidings of the defeat of his army are brought to him, — so 
much so that he begins to suspect his chief adviser, Hassan, 
who gives him the requisite information, of having a 
‘ ‘ Greek heart. ” And, he can do nothing else ; the prospect 
before him is totally dark and does not hold out any hope 
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of redress. Man after man brings in the news of defeat, 
while, 

“ A Dervise, learned in the Koran, preaches 
That it is written how' the sins of Islam, 

Must raise up a destroyer even now.” 

The poor Pasha grins his teeth and subdues his sighs. 
Having regard to his Eastern descent, of which pomp and 
grandeur are a proverbial concomitant, Shelley has faith- 
fully reproduced the splendour of his sleeping couch, with 
an Indian slave lulling him to sleep. As in Southey, the 
Muslim belief in “ one God, one King, one Hope, one Law” 
is more than once hinted. Says Hassan; — 

“ The lamp of our dominion still rides hi}fli : 

(lue God is God — Mahomet is his Prophet.” 

The war-cry of the Turkish army is, similarly, “ Allah- 
illa- Allah !” It will be seen, therefore, that it is here alone 
that he comes down to realities ; he has, however, no leisure 
to revel in oriental legends. 

In the Triumfh of Life he reverts unconsciously to his 
original position. He makes a sweeping allusion to ‘ ‘ some 
Indian isle ” and speaks of “ a flock of vampire-bats ” 
hovering over it to indicate the inexplicable idea of mysteri- 
ous phantoms dancing over earth and sky and filling the 
grove with dense shadows. It appears that as India, for 
a long time in the past, was considered by westerners to be 
a land of mysteries, Shelley thought it best to explain away 
the mysterious shadows, conjured up by his imagination, 
by associating them with like appearances on this “ dark 
continent.” There seems to be hardly any other significance 
of this strange simile. 

The Sensitive Plant contains a reference to “ a basket 
of -Indian Woof” and to “Indian plants,” which were 

“ of scent and -hue 

The sweetest that ever were fed on dew.” 
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The Lines to an Indian Air are particularly interesting. 
The subtle “ Champak odours” that fail “like sweet 
thoughts in a dream ” do not only express the poet’s idea 
of the sweet smell of Champa flower, but convey in general 
the westerner’s impression of the heavily perfumed atmos- 
phere of the Orient. Sometimes the gale wafted to his 
imagination is incense-bearing and odorous, “ tasting of 
flora and the country-green,” sometimes laden with ‘ ‘ Per- 
sian atar-gul,” “ oppressed with perfume” — cloying the 
sense — as in Byron, sometimes smacking of spices as in 
“ India’s spicy regions,” or on the “ blest shores of Araby ” 
which charmed Wordsworth’s lyre, sometimes “ redolent of 
rich gums and flowers, overcharged with sweets ” as in 
Southey, but it is always subtle, indefinable, puzzling. He 
does not know what it is like, but he smells it audibly. It 
makes the East more glamorous, charming, romantic, — in 
a word, more Eastern. 

Keats — 

This last attribute becomes closely associated with our 
clime as we pass on to Shelley’s younger contemporary, 
Keats. As his fiery imagination disdained to be critical, 
the references in him do not so much treat of Eastern life 
with the hackneyed details of men, women, and manners, 
as of Eastern romance. Everything is presented through 
a haze of romantic splendour. In Endymion, the ‘ ‘ Ganges 
and its pleasant fields ” are alluring. The Indian maiden 
herself is transplanted to Earth from her “ magic case- 
ments ” in the starry regions : she happens to be the moon- 
goddess, Cynthia, in disguise. She is therefore no more 
an Indian maiden, but a “ Swan of Ganges,” “ my Indian 
bliss,” “ my sweetest Indian;” we have never seen her like 
in our country. The heaven of Great Brahma is “ mystic,” 
while the pompous train of young Bacchus is greeted by 
the Kings of Inde with a shower of “ jewel-sceptres ” and 
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“ pearled hail,” — their wealth seems to be immeasurable, 
in Book II there is an allusion to Alexander’s invasion of 
India but it does not so much illustrate Keats’s interest in 
Indian history as his repugnance to it. The very lines 
say— 

“ What care, though striding Alexander past 
The Indus with his Macedonian numbers? ” 

To him a charming oriental imagery is much more enduring 
than the ephemeral glory of great monarchs whose names, 
as he said of his own, “ are writ in water.” 

The same viewpoint is illustrated in his succeeding 
poems. He refers to Eastern objects not so much for their 
intrinsic worth as for the romantic glamour, they lend to 
his descriptions. In Hyperion, while the fallen gods are 
holding council, Asia’s imagination soars to 

“ Palm-shaded temples, and high rival fanes. 

By Oxus or in Ganges’ sacred isles.” 

In Hyferion, a Vision, he speaks of the fumes of “ Asian 
poppy,” though in this case they do not compare favourably 
with that transparent juice, of which he had already had 
a sip and had left the world unknown. In the Eve of St. 
Agnes, among the delicacies at Porphyro’s table in Made- 
line’s bedchamber are 

“ Manna and dates, in argosy transf err’d 
From Fez; and spiced dainties, every one. 

From silken Samarcand to cedar’d Lebanon.” 

In the Pot of Basil, the poet is enamoured of the “ warm 
Indian clove ” and “ precious flowers plucked in Araby,” 
while among more subtle references, we have the revelation 
of the ghost moving Isabella 

“ like a lance 

Waking an Indian from his cloudy hall 
With cruel pierce,” 
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and the gradual process of her withering 

“ like a palm 

Cut by an Indian for its juicy balm.” 

It will not, therefore, be wrong to assert that Keats 
does not probe into the mysteries of the Oriental world in 
the manner of Southey and Byron. Like Shakespeare, he 
treats of it more in the nature of a poetic fancy than as a 
sincere attempt to unlock its secrets or understand its 
psychology. Wherever he refers to it, — to its cities and 
men, to its flora and fauna, to its rivers, mountains, and 
glades., — it is always to lend an enchantment, a distant 
glamour to his “sensuous” description, to produce an 
effect, rather than to admire its beauty. With a Hellenic 
taste and a genius steeped in classical legends, he could 
not be expected to send out his imagination to its sunny 
plains or its gorgeous palaces. It may, therefore, be said 
of him, with perfect justification, that the East has only 
“ clapped him over the shoulder ” and not made a deep 
impression upon his mind. 

Moore — 

Of all the writings of the English poets on the East, 
Lalla Rookh, perhaps, is the only poem where the author 
may be easily mistaken for a native of the East. Seldom 
has the Oriental world seen its features so unmistakably 
reflected in the writings of a western poet as in this famous 
masterpiece of Moore’s. The poet has, without any pre- 
tensions, shown that he is as fluently conversant with the 
Hindu mythology as with the Muslim and as much with the 
Zoroastrian as with his own. From the “ Camalata of 
Indra’s heaven ” and “ the pranks of Crishna ” we hear 
him talking in one breath of the loves of Wamak and Ezra, 
the fairy romance of the white-haired Zal, and the popular 
myths of the Fire-worshippers. Nor does he forget to mate 
F.5 
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mention of “the copious flow of Ferdosi, the sweetness of 
Hafiz, the sententious march of Sadi ” with the ethereal 
music of Tan-sein. From the barest outlines to the most 
intricate details, Moore has one unbroken line of poetic 
splendour. 

The story may be retold in a few sentences. Lalla 
Bookh, the youngest daughter of Emperor Aurangzeb, is 
betrothed to Aliris, the Crown Prince of Bucharia, who 
ascends throne at the abdication of his father. As the 
nuptials are proposed to be celebrated at Kashmire, the 
bridal procession leaves the imperial city of Delhi in a right 
royal manner and proceeds along the road to Kashmire. 
Among the many attendants, sent by the young King of 
Bucharia to accompany his bride, is Feramorz, a poet, who 
undertakes to recite poems to beguile the tedium of the long 
journey. As the days pass on in this manner, Lalla Rookh 
falls deeply in love with the young poet, who is equally 
responsive. But as the procession is nearing the end of its 
journey, the poet leaves her, much to her distress, while 
reluctantly she makes preparations for the coming nuptials. 
On the appointed day she is conveyed to the grand saloon 
where the King rises to meet her. “ But scarcely had he 
time to take her hand in his when she screamed with sur- 
prise and fainted at his feet. It was Feramorz himself 
that stood before her ! — Feramorz was, himself, the 
Sovereign of Bucharia who in this disguise had accom- 
panied his young bride from Delhi, and having won her 
love as an humble minstrel, now amply deserved to enjoy 
it as a king.” 

The plot, therefore, is not of an intricate kind, but 
the personages enacting the drama are true Eastern poten- 
tates with a lifeblood at once sunny and ma^ificent. First, 
there is Lalla Rookh herself, a tender, graceful lady, 
“ described by the poets of her time as more beautiful than 
Leila, Shirine, Dewilde, or any of those heroines whose 
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names and loves embellish the songs of Persia and Hindos- 
tan.” Daughter of Anrangzeb, she hardly betrays any 
lineal connection with that great Mogul, but shows much, 
on the other hand, of the fine qualities of grace and kind- 
ness. She is forgiving as Eastern maidens generally are, 
and her one absorbing passion is love. But it is strictly 
regulated and is seldom allowed to exceed the bounds of 
decorum and decency. When she first discovers that she 
is in love with Feramorz, the young poet sent to beguile her 
journey, she shuts herself up and even allows herself the 
discourtesy of restricting his admission, so that the heart 
she has to offer to the king of Bucharia, though cold and 
broken, may not at least be impure. “ To have strayed so 
far into the dangerous labyrinth,” she thinks, “ is wrong, 
but to linger in it, while the clue is yet in her hand, would 
be criminal.” For a lady of her character, therefore, there 
can be hardly any praise that is not deserved and hardly 
any reward that is not well merited. 

We come, then, to the poet — or, the so-called poet — 
whose recitals form the bulk of the narrative. Though — 
to use the words of the ever-amusing Fadladeen — with a 
style not so fluent as that of Ferdosi or sweet as that of 
Hafiz or rapid as that of Sadi, his manner of reciting the 
stories is unique, and the chords of his favourite guitar rev- 
erberate constantly in our ears as we proceed along the 
narration. For all we know, Moore himself is his own 
Feramorz and may like him be said to be “ much celebrated 
for his manner of reciting the stories of the East.” What, 
for instance, can be a better compliment to his art than the 
way in which he gives a description of “ that sweet Indian 
land. 

Whose air is balm; whose ocean spreads 
O’er coral rocks, and amber beds; 

Whose mountains, pregnant by the beam 
Of the warm sun, with diamonds teem ; 
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Whose rivulets are like rich brides, 

Lovely, with gold beneath their tides; 

Whose sandal groves and bow’rs of spice 
Might be a Peri’s Paradise ! ” 

or of that “ Paradise of the Indies/’ Cashmere— 

“ Who has not heard of the Vale of Cashmere, 

With its roses the brightest that earth ever gave, 

Its temples and grottos, and fountains as clear 
As the love-lighted eyes that hang over their wave*? 

Oh ! to see it at sunset, — when warm o’er the Lake 
Its splendour at parting a summer-eve throws. 

Like a bride, full of blushes, when lingering to take 
A last look of her mirror at night ere she goes ! — 

When the shrines through the foliage are gleaming 

half-shown, 

And each hallows the hour by some rites of its ow’ii. 

Here the music of pray’r from a minaret swells. 

Here the Magian his urn, full of perfume, is swinging, 

And here, at the altar, a zone of sweet bells 

Round the waist of some fair Indian dancer is ringing.” 

From the poet we pass on to the critic, Fadladeen, by 
far the most charming of personalities in the whole pro- 
cession. Like Polonius, he is a judge of everything — 
“ from the pencilling of a Circassian’s eyelids to the deepest 
questions of science and literature, and his political conduct 
and opinions are founded upon that line of Sadi — ‘ Should 
the Prince at noon-day say. It is night, declare that you 
behold the moon and stars’.” His chief mission in the 
story is to scrutinize Feramorz’s verses and his judgment 
may, in practically all cases, be safely anticipated as one 
of trenchant criticism. Inexorable critic as he is, his judge- 
ments are always magisterially delivered. But the capri- 
cious nature of his character denies him the favour of the 
ladies, and when he is surveying the beauties — or rather, 
the defects — of Feramorz’s ‘‘Veiled Prophet of Khorassan,” 
just recited, in one of his loftiest moods of criticism, he 
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finds, to his utter discomfiture, that most of his audience 
are asleep and so he cuts down his animadversions with 
the triumphant belief that he has, for the hundred and 
fiftieth time in his life, extinguished a poet. He can 
hardly find good in Feramorz’s utterances and when he is 
tired of his nonsense, he finds relief in writing a note to 
the King of Bucharia presci'ibing a “ chabuk ” for his back 
instead of torturing him with the minor details of criticism. 
It is amusing to look at Fadladeen with his critical eyebrows 
elevated and his faculties refreshed with a dose of opium, 
and one is, for once, tempted to go along with him and 
share with him his onerous duties as Grand Chamberlain 
of the Haram. 

In matters of religion, too, he has very decisive 
opinions, and the least reference to the Ghebers, or infidels, 
sets him off his balance. At the mention of the Fire- 
worshippers, unable to do anything, the poor Chamberlain 
sits in unspeakable disappointment and expects treason and 
abomination in every line that Feramorz is going to recite, 
— ^his agony at the time is simply heart-rending. He can 
never make up his mind as to the merits of a poet unless 
he knows definitely whether he is a “ shia ” or a “ sunni ”, 
and like a pious Mussalman takes delight in killing the 
mimic lizards when he reaches the tomb of Hussun Abdaul. 

In discharging his duties as the Great Chamberlain, 
he is very strict and unless any matter receives the stamp 
of his authority he would not let it pass by without duly 
informing the King. It is by his special command that 
Feramorz is forthwith introduced into the haram, and we 
well may, for this reason, forgive him the dignity with 
which, borne as he is immediately after the Princess, he 
considers himself to be not the least important personage 
of the bridal procession. His opinions, for whatever 
they are worth, always have the greatest influence 
over the various tastes of the day, and when he has 
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delivered his judgment on Feramorz’s verses the ladies 
begin to suspect that they should not, after all, be 
enamoured of the poet, since there must be much 
good sense in what Fadladeen has said from its 
having set them all so soundly to sleep. It is not sur- 
prising, therefore, that he should have set the fashion for 
the young gallants of the Mogul Court and, what is more, 
acquired a reputation for his omniscience and sagacity ! 
The younger men and women of the marriage party flock 
to him to get their difficulties solved and even though he 
may not be able to explain them a jot, he is never vanquish- 
ed. Like the pedagogue of the Deserted Village he goes 
on arguing and sets the greatest of experts on defiance. 
We really feel the utmost sympathy for him when we learn 
that the cooks do not obey him and are obstinate in putting 
the pepper of Canara into his dishes instead of the cinna- 
mon of Serendib, and that his Koran is misplaced and he 
has to go without it for three whole days! But as we are 
helpless, we simply curse the cooks and the Koran-bearer 
and proceed along our narrative. When the procession 
reaches its destination and with the nuptials of Lalla Rookh 
the secret is disclosed that it was the Prince himself who 
had all along been accompanying his bride in the guise of 
a humble minstrel, the plight of poor Fadladeen is simply 
pitiable. He retracts all his criticisms which, he says, 
were instantly delivered, and comes to have an unbounded 
admiration for the King’s verses; and instead of prescrib- 
ing the “chabuk ” for the poet, — now no longer a poet, — 
he would prescribe it for all those who dared td think other- 
wise. Therefore, for a man of his wisdom hardly any 
respect is too great and hardly any admiration too 
extravagant. Like Nick Bottom he hath simply the best 
wit of any aristocrat in Delhi and it would be a sad day, 
indeed, for the Mogul Court if his versatile genius were 
allowed to lie dormant. Our difficulties melt away as soon 
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as Maulana Fadladeen handles them, and we feel the better 
and happier for his presence. 

After such a galaxy of truly Eastern characters it 
would not be easy for any critic to overestimate the oriental 
genius of Moore. He shows as much familiarity with 
Eastern scenery, manners and customs, etc., as can be 
expected of a native poet. His imagination, as Byron 
expected, has created “ a warmer sun and a less clouded 
sky.” It is from the very depth of Moore’s heart that the 
cry comes : — 

“ Blest power of sunshine! — genial l)ay, 

What balm, what life is in thy ray! 

To feel thee is such real bliss, 

That had the world no joy but this. 

To sit in sunshine calm and sweet, — 

It were a world too exquisite 
For man to leave it for the gloom. 

The deep, cold shadow of the tomb.” 

The scene of Lalla Rookh is laid in that beautiful Vale 
of Cashmere “ which the Persians so justly called the Un- 
equalled,” and the Hindu temples and pagodas as well as 
the Muslim mosques and tombs all move before our eyes in 
a living pageant The flowers, birds, fountains, glades, 
peaks, boats — in fact, the entire landscape of that beautiful 
valley, — are presented to our sight as in a caravan journey, 
— for a moment, we ourselves seem to be moving along with 
the royal procession. Nor has the poet lost sight of the 
man-made institutions. The ancient Hindu practice of 
floating a burning lamp in the neighbouring river at vesper 
hours to pray for the safe return of friends who have gone 
on dangerous voyages, the worship of the monkey deity or 
the Hanuman, and among Muslim customs, the practice 
among the followers of Abbas to put on black garments, the 
now obsolete practice of killing lizards, and among common 
practices, the custom of tinging the hands with henna 
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paste in particular seasons, or applying lamp-black in the 
eyes — all are appropriately mentioned. Once, in the story 
of the Paradise and the Peri he makes reference to the 
invasion of Mahmud Ghazni and the brutalities that 
followed in its wake; and taking the historical lines 

If there lie u Paradise on earth 
It is this, it is this, it is this. 

he has applied them to the scene of Jehangir’s revelry in 
the Story of Sultana Nourmahal. From all these it is 
evident that the poet is truly enamoured of the “ gorgeous 
East ” and has done full justice to its men and manners. 
It was not surprising, therefore, that Moore’s friend, 
Luttrell, congratulated him on Lalla Rookh’s being sung 
“ in the streets of Ispahan what is at first sight rather 
remarkable, as Godley says, is that it should have been 
sung in the streets of London — much more, that “ Dear 
Lalla Rookh ” should have delighted generations of 
English schoolgirls. 

Moore’s next contribution to the treatment of the East 
after this brilliant rhapsody \s The Loves of the Angels, in 
which three fallen angels, all apparently belonging to the 
Muslim fold, are of an evening conversing by a hillside, 
recanting the sad stories of their loves. There is, however, 
nothing peculiarly oriental about their tales save that they 
contain frequent allusions to Mohammedan mythology and 
are occasionally punctuated with emphatic “Allahs!” Once 
in the narrative he makes a striking reference to the 
legendary fidelity of Eastern slaves : describing the first 
encounter of the third angel with his sweetheart, he says — 

He saw, upon the jjrolden sand 
Of the sea-shore, a maiden stand. 

Before whose feet the expiring waves 
Flung their last offering with a sigh — 

As, in the East, exhausted slaves 
Lay down the far-brought gift, and die — 
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In the song of The East Indian, he giveft by the way, 
a short description of the Eastern clime — 

“ The fields where she was straying 
Are blest with endless light, 

With zephyrs always playing 
Through gardens always bright.” 

It will be recalled that Byron makes a similar reference in 
the opening lines of the Bride of Ahydos. 

In A Dream of Hindostan, a short satirical piece, the 
poet satirizes the Hindu creed of vegetarianism. In a 
dream he is bewitched away 

‘‘ To a goodly city in Hindostan — 

A city, where he, who dares to dine 
On aught but rice, is deem’d a sinner; 

Where sheep and kine are held divine, 

And, accordingly — never drest for dinner.” 

Among other minor pieces on the East, Moore has two 
ballads, entitled The Young Indian Maid and The Indian 
Boat but they do not show any first-hand understanding of 
the East. 

Campbell — 

We pass on to Campbell. After Moore and Southey, 
he is the third poet of his generation to celebrate the 
“ monstrous ” Hindu mythology into English verse. In 
The Pleasures of Hope he refers to the well-known 
Hindu belief in the periodical descent of “ avatars ” or 
incarnations of deity, and alludes to several gods and 
goddesses of the Hindu mythology, such as Seriswatti, the 
Goddess of Learning, corresponding to the Roman Minerva, 
Camdeo, the Indian Cupid, Ganesh, Brama, etc. He 
speaks of Hindus as ” Brama’s children.” Like Southey 
F. 6 
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and Shelley, he also takes note of the now defunct custom 
of “Satee”— 

“ The widowed Indian, when her lord expires, 

Mounts the dread pile, and braves the funeral fires! 

But he rises to a high pitch of pathos when referring to the 
historic invasion of Timour and the atrocities that 
followed : — 

“ Ye orient realms, where Ganges’ waters run! 

Prolifi(‘ fields ! dominions of the sun ! 

How long your tribes have trembled and obeyed ! 

How long was Timour’s iron sceptre swayed ! 

Whose marshalled hosts, the lions of the plain, 

From Scythia’s northern mountains to the main, 

Eaged o’er your iDlundered shrines and altars bare, 

With bla/.ing torch and gory scimitar, — 

Stunned with the cries of death each gentle gale, 

And bathed in blood the verdure of the vale ! 

Yet could no pangs the immortal spirit tame, 

When Brama’s children perished for his name ; 

The martyr smiled beneath avenging power, 

And braved the tyrant in his torturing hour.” 

In the Ode to Winter he speaks of “ India’s citron-covered 
isles ” as the haunt of “ Rosy Summer,” and in the poem 
entitled “ On getting the portrait of a six-year old 
female child,” he hints at the proverbial fame of Cashmere 
shawls. 

But it is not the Indian soil alone which engages his 
attention. He allows a wider range to his imagination 
and from the farthest corner of the East in China he may 
he seen travelling through Persia, Arabia, Turkey, Egypt 
to as far as the Moorish wasteland in ' Algiers. In The 
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Power of Russia, while lamenting the fall of Poland at 
the hands of Russia, he takes stock of its (Russia’s) vast 
martial resources, and exclaims : — 

“ Eighth sharer of the inhabitable sphere, 

Whom Persia bows to, China ill confines. 

And India’s homage waits, when Albion’s star declines! ” 

In the ballad of The Turkish Lady he sings of the love of 
an Eastern lady for an English knight and of their secret 
escape to Rhodes. In the Song of the Greeks he represents 
the Greeks as rising up in revolt against Turkish 
sovereignty and speaks contemptuously of the Turks as 
“ Mahomet’s slaves.” In The Battle of Navarino, the same 
theme is continued. He celebrates the victory of Greece 
and its allies against Turkey and Egypt and, as in the 
previous poem, makes a contemptuous reference to 
“ Mussulman slaves ” and the dimmed glory of the 
Saracen’s mbon. Like Byron and Shelley his sympathies 
are with the fallen Greece. 

In the fragment on the Dead Eagle, the poet, for once, 
indulges in a series of oriental similes. First, he compares 
the fallen state of the dead bird to royalty in ruins — 

“ Though his eyes 

Are shut, lliat looh undazzled ou the sun. 

He was the Sultan of the sky, and earth 
Paid tribute to his eyry.” 

Next, contrasting the charm of his natural strength with 
the mock artifice of humankind, whose aerial conquest he 
describes as “ a rash intrusion on the realms of air,” he 
saysi that whereas the flight of the aeronaut lacks volition 
and he drifts the passive plaything of the winds, the eagle 
clove the adverse storm and “ stopped his flight as easily 
as the Arab reins his steed.” Finally, continuing the 
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royal metaphor, he traces the course of his flight through 
Eastern climes ; — 

“ Where Atlas’ top looks o’er 
Zahara’n desert to the equator’s line — 

From thence the winged despot mark’d his prey, 
Above the encampments of the Bedouins, ere 
Their watchfires were extinct, or camels knelt 
To take their loads, or horsemen scoured the plain.” 

But the most remarkable references occur in the 
E'pistle from. Algiers to Horace Smith, Here Campbell 
gives very humorous descriptions of the Mussalman and of 
the Moorish ladies. First as to the former. 

In his breeches of petticoat size 
You may say, as the Mussalman goes. 

That his garb is a fair compromise 
’Twixt a kilt and a pair of small clothes.” 

Next follows the description of the Moorish ladies — 

“ The Mooresses, shrouded in white, 

Save two holes for their eyes to give room, 

Seem like corpses in sport or in spite 
That have slily whipped out of their tomb.” 

It will be seen, therefore, that though the references 
are in fragments, everywhere they betray a close observation 
and a sympathetic interest. He does not content himself 
with the mere naming of oriental curiosities to show off a 
bare acquaintance, but gives you the very details them- 
selves. He may be said to carry on the tradition of Southey 
and Byron far into his own age. 

Leigh Hunt — 

With Leigh Hunt, the treatment breaks fresh ground. 
Instead of feeding his imagination on scattered allusions 
or constructing stories on Eastern themes, he takes to 
versifying charming anecdotes, handed down from Persian 
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and other oriental literatures. They are short, pithy 
stories and have all the charm of an original composition. 

In the story of Sultan Mahmud, the poet narrates an 
interesting anecdote of a Muslim monarch administering 
justice in strict accordance with Qoranic injunctions. A 
man comes before the Sultan complaining of the intrusion 
of one of his officers into his house and creating trouble. 
With four armed slaves, the Sultan goes to his house and 
orders the light to be put out. This done, and the females 
removed, he rounds up the offending officer and kills him 
after a little combat. Thereafter he sends for light, 
scrutinizes the lineaments of the slain man, and bows to 
God in gratefulness. On being asked the reason of his 
command about the light and his subsequent prayer to the 
Almighty, the Sultan replies that he had it put out so that 
if the offender had been his own son, his fatherly affection 
might not have deterred him from bringing him to book, 
and his kneeling down to the Sovereign Arbiter was in 
thankfulness for the discovery that it was not so and the 
slain rogue was a stranger. 

The poem very well illustrates the notion of justice 
fabled to have been prevalent among Mohammedan Kings 
and Qazis in the high days of Muslim civilization. A 
similar story is told of an honest Mussalman king who, 
when accused of some crime and summoned to the court of 
his Qazi, went with a sword hanging under his waist, and 
when, after the Qazi had pronounced judgment against 
him, he was questioned as to his intention in carrying the 
sword, he replied that it was for dealing a fatal blow on llie 
Qazi’s head if, prejudiced in his favour, he had departed 
a jot from the divine law. 

It is in the adaptation of anecdotes like these that 
Leigh Hunt may be said to give a new turn to the treatment 
of the East in English poetry. WisAbou Ben Adhem, too, 
is a poem of the same type although the story in this case is 
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different. A pious Mohammedan chief, Abou Ben Adhem 
by name, when sleeping one night in his chamber sees in a 
dream the vision of an angel writing the names of the 
lovers of God in a book of gold. Questioned as to the 
inclusion of his name in the list, the angelic presence 
replies with a nod, and on his subsequent request to write 
it down among those who love their fellowmen, the angel 
writes and vanishes away. The next night it appears 
again and when Abou Ben Adhem is shown the compiled 
list, he finds, to his. astonishment, that his name figures on 
the top. 

It is the story of a miracle and illustrates, in an 
oriental manner, the mysterious modes of divine dispen- 
sation. It inculcates also the lesson of fellow-feeling by 
linking it, like so many Eastern things, with the idea of 
divine favour. The sudden revelation of Ben Adhem’s 
saintly name leading all the rest, especially after the 
angel’s announcement the previous night that it did not 
come within the list at all, takes the reader by surprise. 
Eastern gods, like Eastern kings, are whimsical : now they 
are irritated at an entreaty, now pleased at a rebuke; 
they show you favour when they list. 

With these stories we have practically exhausted 
Leigh Hunt’s stock of Eastern writings. His Story of 
Rimini, though the chief of his productions, does not, 
however, contain any reference to the East, except one to 
a troop of steeds in the bridegroom’s procession whom he 
describes as “ milk-white and Arabian bred.” But this 
does not illustrate his usual habit. As pointed out in the 
beginning he delighted more in the charm of anecdotes, 
like the foregoing, than that yielded by any other Eastern 
object. 

Conclusion — 

We are now in a position to wind up our survey. 
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From what has been said it will have become clear that in 
their use of the Eastern material, the poets of the 
period under review fall into three groups : — those, 
who have portrayed Eastern life in all its details : in this 
category we include Southey, Byron and Moore in whom 
the oriental world has found a willing mouthpiece; those, 
whose range though not so penetrating and wide does yet 
betray a close understanding of the East, and in this 
class come Shelley, Campbell and Leigh Hunt; and, 
finally, those, whose interest is only casual : this class 
includes Wordsworth, Coleridge, Scott and Keats. But 
all were, to a greater or lesser extent, enamoured of the 
new clime. After the monotony of coffee-houses and clubs, 
and the familiar scenery of old England, here at last was a 
pleasant scene, — gorgeous, warm and fragrant, — in whose 
sandal groves and spicy bowers they found a congenial 
repose; whose valleys though not possessing the charm of 
Tempe or Arcady were, nonetheless, for ever haunted by 
the wings of zephyr, with flowers over-blooming and beams 
ever-shining; whose mountains though not rich in lyrical 
gifts, however, teemed with diamonds; and whose virgins 
though not boasting of the beauty of Helen or Isolde were 
yet soft as the roses they twined. Here, at last, after 
centuries of listening to the lyre of Orpheus, they turned 
to the lute of Tansein and found the music attractive 
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That the connotation and denotation of the term 
University was correctly understood and precisely applied 
in ancient India has been shewn by Mr. Sankalia in his 
excellent publication* on the analogy of Boshdall and 
Newman.* The former of these authorities has traced® the 
origin of the English term ‘ University ’ to a collection of 
teachers and students and the latter expanded the idea to 
students of every kind.® This expanded idea had naturally 
identified itself with an institution where all the arts and 
sciences were taught as stated by other authorities.* The 
Sanskrit term VUva-vidydlaya is more significant and 
implies a place of learning of universal subjects. The 
universal character of Indian Universities is proved beyond 
doubt by the interchange of students and teachers in India 
and abroad, by the varied courses of studies and methods 
of examinations, and corporate life of students and teachers 
in the same institution for a fixed period. The advanced 
students of the University of Nalanda, coming from Japan, 
Korea, China, Tibet, Java and Sumatra, and those from 
Taxila, Valabhi, Conjeveram, etc., and eminent professors 

' The University of Nalanda by Mr. Hasmukb D. Sankalia, 
M.A., LL.B., published by B. G. Paul & Co., Madras, pp. 
vii-xxvi, 1,259. 

• The Universities of Enroye in the Middle Ages. 

^ The Idea of a University. 

* Monheism, History, Vol. II. 
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of this University visiting on invitation such distant 
countries as Tibet, China, Kamarupa, Suvarnadvipa, etc., 
will shew not only the popularity of the institution, but 
also the universal collection of teachers and students. At 
Nalanda there were at some time some 10,000 resident 
students and teachers. There were 12 colleges, 3 big 
libraries and some 300 rooms for the residence of the 
students. 

From the excavation and the accounts of Hiuen Tsiang 
and I-Tsing it appears that the University of Nalanda 
consisted of several Vihara, Sangharama, Dharmaganju 
and Chaitya buildings. There were colleges, halls, libra- 
ries, observatories, priests’ chambers “the richly adorned 
towers and the fairy-like turrets ” and other necessary and 
auxiliary quarters including “ brilliant and magnificent 
chaityas ” (memorials). “ The whole establishment ” in the 
words of Hiuen Tsiang, “ is surrounded by a brick wall. 
One gate opens into the great college, from which are 
separated eight other halls, standing in the middle.” The 
Sangharamas appear from the excavations to have been 
built in rows and were three to four storeys high. I-Tsing 
testifies and the excavations corroborate that there were at 
least eight to twelve colleges and over 300 rooms. The 
Tibetan accounts testify to the existence of a grand library, 
called Dharmaganja, comprising three grand buildings. 
One of these three buildings was known as Ratnodadhi and 
it was nine-storey high and it stocked the sacred scriptures, 
Prajuapdramitasutra, and the Tantric works such as 
Samdjaguhya, etc. The other two were Ratnasdgara 

and Ratnaranjaka containing presumably secular and 
other works referred to in connection with the subjects and 
courses of studies. The priests’ chambers were distributed 
in all the outside courts comprising four stages which had 
“ dragon projections and coloured eaves, the pearl-red 
pillars carved and ornamented, the richly adorned balus- 
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trades, and the roofs covered with tiles that reflected the 
light in a thousand shades.” In an inscription Nalanda 
is described as “ a city which mocked as it were at all the 
cities of the Kings.” His biographer (Hwni Li) elabo- 
rates Hiuen Tsiang’s statement: “ Students in Nalanda 
study the great vehicle and also (the works belonging to) 
the eighteen sects, and not only these, but even ordinary 
works, such as the Vedas and other books, the Hetuvada, 
Sabdavidya (phonology), Chikitsavidya (medicine and 
surgery), the Atharvaveda (dealing with magic etc.), 
Sankhya (philosophy) ; besides these they thoroughly investi- 
gate the miscellaneous works.” Hiuen Tsiang himself is 
stated to have studied at Nalanda “ Yoga^astra, Nyaya, 
Anusara^astra, Hetuvidya^astra (logic), Sabdavidya and 
Kosha, Vibhasha etc.,” from Silabhadra and other 
professors. “ Learned men from different cities,” says 
Hiuen Tsiang, “who desire quickly to acquire a renown in 
discussion, come here in multitudes to settle their doubts, 
and the streams spread far and wide.” “Thus instructed by 
their teachers,” elucidates I-Tsing, “ and instructing 
others they pass two or three years generally in the Nalanda 
monastery, in Central India or in the country of Valabhi 
in Western India. There eminent and accomplished men 
assemble in crowds, discuss possible and impossible doc- 
trines and after being assured of the excellence of their 
opinion by wise-men, become far famed for their wisdom.” 

In this method Mr. Sankalia correctly finds an analogy 
of what Kashdall defines to be the University examinations 
followed in Europe “ any process of inquiry into the candi- 
date’s fitness as well as direct tests of his scholastic attain- 
ments.” That Nalanda was not merely a Buddhist institu- 
tion dealing with Buddhist scripture and theology has been 
proved beyond doubt by the Ghossawa Inscription. Herein 
it is stated that Devapaladeva received and patronised “ a 
very learned Brahmin, Viradeva, who had come to Nalanda 
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after visiting many centres of learning, such as Kanishka- 
pura, Yaiovarmmapura etc., and was afterwards elected 
the Head of the Sangha (i.e., the Chancellor of the 
University) by the assembly of the Monks (professors).” 
It is rightly inferred from this that ‘ King Devapala was 
connected with the administration of the University, which, 
besides the profound learning of Viradeva, must be the 
cause of the latter being elected the Head of the Sangha.' 
There appear to have been two groups of students admitted 
to the Nalanda University. Being a residential University, 
the students seeking admission had to pass an entrance 
examination significantly stated to have been held by the 
“gate-keepers.” Hiuen Tsiang who was a grown up 
residential scholar at the University says that all the new 
entrants had to satisfy the authorities that they had already 
“ studied deeply both old and new (subjects) before 
getting admission.” 

There are epigraphical and other evidences to the effect 
that large contributions were made to the University for its 
enlargement by kingly persons from Suvarnadvlpa 
(Sumatra), Yavadvipa (Java), Maloda, Tikina, the Tukhar- 
lans, and a Gurjara-Pratihara King named Mahindrapala- 
deva. The Universities at Taxila in the North-West, Vala- 
bhi in Kathiawad (Gujerat), Vikramasila in Bihar, and 
Odantapuri, Jaddala, Somapuri, and Vikramapuri in 
Bengal were of the type of Nalanda University which was 
founded in the fifth century by the Imperial Guptas and was 
seen in full working condition by numerous Chinese and 
Tibetan travellers including Hiuen Tsiang, I-Tsing and 
others. It lasted for nearly a thousand years and was 
patronised by Knig Harshavardhan of Kanauj, and the 
pala Kings of Magadha. There were also big colleges at 
Bodh-Gaya, Sanchi, Barhut, Sravasti, Kau^ambl, Sarnath, 
Mathura, Nasika, Amarabati, Nagarjunikunda, Jagayya- 
peta, Kanchipura, Kaneripattana, and Madura. Dr. Barua 
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has shewn that there were some 84,000 smaller secondary 
and primary schools at the time of King Asoka.* 

From the actual working of these educational institu- 
tions the method, aim and ideal of education in Hindu 
India is apparent. A satisfactory solution was found out 
by the then authorities of problems dealing with the types 
of education suitable for different groups of students, the 
continuous as well as continual periods of study, the 
training of mind, intellect, character, hands, eyes and ears, 
the ultimate aim and idea of education, the right type of 
teachers, the proper courses of study including physical 
exercises, sports and games, and the method of teaching 
and examination.® 

Physical exercises were included in the curriculum 
not merely to provide diversion from serious study but with 
an express object of keeping the body and mind of the 
scholar fit. Mr. Sankalia^ has supplied a list of games 
from the Chullavagga (1, 13, 2) .which includes besides 
dancing with ladies, “ games with eight pieces and ten 
pieces, tossing up, hopping over diagrams formed op the 
ground, and removing substances from a heap without 
shaking the remainder : games of dice and trap ball : 
sketching rude figures, tossing balls, blowing trumpets; 
having matches at ploughing with mimic ploughs ; tinkling ; 
farming, mimic, wind-mills; guessing measures; havii^ 
chariot races and archery matches, shooting marbles with 

^ Introduction to Sridhar Jlaxiia’s Buyddha-'pifha. 

See Dr, l^arua (ibid,, p. ix). 

^ It is doubtful if Mr. Sankalia bad direct access to all the 
original Brahmanical literature dealing with sports and games 
(see his Nalanda University ^ p. 162 ). The Buddhist monks like 
fiiuen Tsiang and I-Tsing on whose accounts of Nalanda University 
life he has solely based his interpretation can hardly be exped^ 
to have taken any interest in physical exercises of pre-Bud^JlHst 
period. 
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fingers; guessing other people’s thoughts and mimicking 
other people’s acts; elephant riding, horse riding, carriage 
driving and swordsmanship; to run to and fro in front of 
horses and in front of carriages ; to exhibit signs of anger, 
to wring hands and to wrestle, and to box with fists ; and 
spreading out robes as a stage and inviting girls saying 
‘here you may dance, sister’ and greeting her with 
applause.” 

An idea of the proper method of teaching can be 
gathered from the classification of scholars into four 
groups. The group known as the Padaparama could do 
no more than swallowing or getting by heart everything 
they read. The group known as the Neya was of slow under- 
standing and had to be spoon-fed step by step in order to 
make them understand slowly owing to their inferior 
intellect and power of grasping. The group known as the 
Vipaichitajfia was of keen intellect and could follow 
learned lectures with a little elucidation. And the group 
known as the U dghdtitajna was of an intellect of which as 
if the door had already been open, and they needed no more 
than a mere guidance and hint; they could think for them- 
selves; they made their own researches and made original 
contributions. There were thus required both tutorial 
coaching and mass or congregational lectures.' The aim 
of the education is stated to have been to unfold the 
capacities of the student through proper means in order to 
make his life full of meaning for him as well as for the 
society. And in order to bring out the latent abilities of 

* The inference of Mr. Sankalia that at Nalanda University 
the method of teaching was entirely tutorial does not appear to be 
accurate. His source of information is the advsmced students like 
Hiuen Tsiang; they would not be required to join big classes for 
which there were specified • balls. Our research student never 
works in a class; he discusses his difficulties individually with 
his teacher or teachers. 
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a Student it was necessary to endeavour a harnumious 
development of his knowledge, work and character. 
It was, therefore, required to have assistance from two 
classes of teachers. The Acharya was responsible for the 
teaching of all VidyHs and the Upadhyaya for building up 
character. The ordinary teacher is stated to possess at 
least twenty-five kinds of qualifications. He was required 
to look after the student all times and carefully in order to 
ascertain the good and bad habits of the ‘ student, his 
addiction and weaknesses, to provide for his rest and 
recreation, to know of his happiness and sorrow, to see if 
he has enough to eat and if his taste is satisfied, to distribute 
the good stuff properly, to encourage the student, to hold out 
hopes that his ambition would be fulfilled, to observe the 
working of his mind and his external movements, to warn 
him not to keep bad company, to mend his errors and not to 
turn him out when he is in trouble, to keep a friendly heart 
for him, and' to cherish a genuine fatherly ambition with 
a view to making an expert of him in all possible Vidyds 
and an accomplished man through education. Different 
Acharyas were placed in charge of different Vidyds or 
departments of education. 

Sanskrit being the medium of education, ^abdavidyd. 
literally phonology, implying mainly grammar, had to be 
taken at the primary stage. Mr. Sankalia on the authority 
of Newman has correctly elucidated the vital importance 
of impressing at the outset upon the boy’s mind “ the idea 
of science, method, order, principle and system of rule ” 
through the study of grammar.* This incidentally sup- 
plied the necessary knowledge of language and literature. 
It was followed by Hetmidyd or logic which developed the 
reasoning faculty of students, and Silpavidyd or science of 
fine arts, which inclucated in students an aesthetic sense 


t Sankalia, p. 142. 
F. 8 



58 


THE ALLAHABAD UNIVERSITY STUDIES 


consisting of symmetry, proportion and beauty. After 
this general education special and technical studies like 
ChiMtsavidyd or medicine and surgery could be undertaken 
by qualified students. Although theology was a compulsory 
subject even at the University stage, the Adhydtmavidya 
or the science of universal soul for the attainment of the 
supreme knowledge could be taken up only by a few 
specially endowed with necessary inclination and acquired 
qualifications. 

It has been convincingly shewn from the historical 
evidences that there was no difficulty for employment of 
University graduates by the state and the society. The 
number of qualified graduates, however, appears to have 
been limited, eight out of ten candidates having ordinarily 
failed at the highest examinations held at Nalanda 
University. 

Except for the foreigners of the status of Hiuen 
Tsiang, the entrance examination of Nalanda University 
appears to have been very stiff. Those seeking admission 
after the completion of their studies at Universities like 
that at Valabhi had to pass through what is figuratively 
called six gate-keepers ; these posts are expressly stated to 
have been held by very learned professors. It is, however, 
not clear if this entrance-examination was of six kinds for 
so many classes of students or each student had to pass six 
examinations one after another. For those who held the 
diploma of Pandita recognised by the King there appear 
to have been four kinds of examination known as Parlkshd, 
Upaparlkahd, Tuland and Gaveshwm. Parikshd was the 
ordinary examination both written and viva voce. 
Vpaparikshd appears to have been a further test or chance 
on the basis of a student’s day-to-day work, especially for 
those who were Padaparama and could not pass the public 
examination and yet had to be given a sort of certificate 
for their general proficiency. The test on Tuland or 
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comparison was a sort of debate in which the depth of 
knowledge, quick reply and ready expression were compared 
among the intending debaters. It was something like the 
original tripos examination in which two debaters sitting 
upon three-footed stools had to debate certain questions 
and on their comparative merit the examiners who were 
with the candidates throughout passed a judgment. This 
type of examination at Nalanda University appears to have 
been particularly noticed by Hiuen Tsiang, I-Tsing and 
others. The Gmeshatm or research was a test disclosed by 
the learned books on various subjects written by the 
advanced students and Professors at first grade Univer- 
sities like that at Nalanda. 

Incidentally it is of interest to recall that the oldest 
known periodic test was that held in China in B. C. 2200 
and that held in B. C. 1115 after a thousand years was for 
the purpose of selection of officers for the public service. 
“ The system, of University examination of the middle ages 
in Europe was also derived from the methods followed in 
recruiting apprentices by th trade guilds.” The first exami- 
nations were on civil and common law held at Bologna 
after 1219 A. D. and at the end of the thirteenth century 
at Paris. 

The University examination consisted of two parts. 
The first part was conducted in private and included an 
inquiry into the candidate’s residence, attendance at 
lectures, performance of exercises and contents of the 
prescribed books. The second part was a purely formal 
public discussion on the thesis presented by the candidate. 

The object of the Examination was — 

“ To increase a student’s alertness, his power of 
comprehending new ideas, and his ability 
quickly and surely to assimilate them to his 
own, and his capacity to grasp a (new) subject 
rather than to exhibit his mute and solitary 
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reviewing and cramming of the prescribed 
books.” 

The object of these examinations identical to those 
held at Indian Universities was to test — 

{i) the knowledge or, more exactly, the power of 
restating facts and arguments of a kind that 
may be learnt by rote, and 

(ii) the power of doing or writing something like a 
letter etc. 

“ The teaching and Examination functions of a 
University were dissociated in London in 1836 and until 
1868 the London Examinations were open to students of 
affiliated colleges, and the teachers had no share in the 
appointment of examiners or in determining the curricula 
for the examinationa” “ The standard of difficulty set 
by the University of London was a very high one, very 
much higher than the corresponding standards at Oxford 
and Cambridge. In 1900 University of London was 
constituted as a teaching University with provisions for 
the system of examinations by External examiners for 
external students together with Internal examiners for 
internal students in which the teachers and external 
examiners are associated.” 

Two kinds of questions set in written examinations 
were : 


(1) A number of questions requiring short answers 

and intended to test the range of the candi- 
date’s knowledge. 

(2) A few questions requiring long answers showing 

constructive skill and mastery of the subject 
and intended to test the candidate’s powers 
of coordination and reflection. 
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Thus it will be noticed that so far as University 
examinations at ancient Indian Universities are concerned 
nothing new has been discovered by the long experience of 
the western world. And the so-called introduction of 
University education in India from the west is a mere irony 
of fate, because following ’ the disappearance of Hindu 
India the first thing what the early Muslim invaders did 
was to destroy all the University buildings and annihilate 
all the “ shaven headed ” teachers to such an extent that 
there survived none to decipher the titles of the precious 
books left after the deliberate burning of the famous 
libraries of which the Chinese and Tibetan travellers 
supply vivid descriptions.* 


* This article was originally published in the Twentieth 
Century, July, 1935, and under a different title €tnd in a different 
form in Science and Culture, December, 1935 ; extracts from it 
were also quoted in the Modern Review, August, 1936, pp. 209-210. 




A SHORT NOTE ON THE KANDAHA INSCRIPTION 
OF KING NARASIMHADEVA OF MITHILA^ 


BT 
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Allahabad University 

While giving the description of the Kandaha 
inscription in the March 1934 issue of the Bihar and Orissa 
Research Society Journal, Mr. K. P. Jayaswal remarks 
“ the letters show that the present Maithill script has not 
changed much in the last five centuries. One of the very 
few features of the change is the position of the dot to the 
rakdra} It is placed, in the inscription, in the middle 
of the triangle, while it is given below the letter at 
present.” 

To this remark of Mr. Jayaswal, I wish to point out 
that it is entirely groundless as it is not corroborated by 
the actual facts. The Maithili script, as is quite evident 
from the very inscription whose facsimile is given in that 
very issue of the Journal, appears to have undergone several 
changes in the course of these centuries. The following 
table will make this point quite clear : 


Letters 

As found in 
the Kandaha 
insoriptioD 

Present 

forms 

Remarks 

Ta 

3 (Line 1) 

3 

'Phe slanting upper stroke no. 
longer exists. The letter is, 
at present, entirely separat- 
ed from the top-line. 


‘ The expression rahara is wrong. It ought to be expressed 
as repha, which is the classical pronunciation of the terpa. 
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Letters 

As found in 
the Kandaha 
insoription 
itself 

Present 

forms 

Remarks 

La 

(Line 1 ) 

cl 

The curve portion is written, 
at present, with a single 
stroke of pen like a semi- 
circle, while the form given 
in the inscription requires 
double stroke which is still 
present in the present 
Bengali script. 

Kr 

Q 

^ (Line 1) 

£ 

Pull ka is no longer written 
when the vowel r is added 
to it. This is not a new 
form even. The present use 
of the letter is found even 
in the inscription of Meru- 
varman of Chamba (8th cen- 
tury A. D.) and of the Para- 
mara king Udayaditya of 
Udayapura (11th century). 

Tya 

® (Line 1) 

9 

Pull ya is not written these 
days. 

Ta 

2 (Line 6) 

§ 

The present form is also very 
old and can be traced back 
to the Gift-deed-plates 
(Danapatra) of king Harsa 
of 628 A. D, and also to that 
of the king Vallabhendra, 
found in Assam, of 1185. 

'r 

(ardha- 

tak&ra) 

si (Lino 5) 


The present form is also as old 
as the inscriptiins of Maha- 
naman of Buadhagaya of 
588 A. D., king! ^ivagana of 
Kota, of 7S8, of Rfi^traku^a 
of 807, and lastly, of the 
pillar of BadSlaka of 10th 
century. 

Ra 

^ (Line 4) 


The dot found in the middle of 
the letter ra is now changed 
into a dash joining the two 
sides. It is never put below 
the letter as Mr. Jayaswal 
thinks. He is, perhaps, led 
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Letters 

As found in 
the Kandaha 
inscription 
itself 

present 

forms 

Remarks 


1 

1 i 

1 

to think so under the in- 
fluenoe of the present 
Bengali script which alone 
puts a dot below the letter 
ro. A dot is, however, put 
below the letter va some- 
times in the present Maithili 
script. Again, putting a 
dash in the middle of ra is 
not a new development as 
it is found in the pillar in- 
scription of Badalaka of the 
time of Narayanapala of the 
lOth century and also in the 
inscription of Udayaditya of 
Udayapur of the 11th 
century. 


Besides, there are several other changes found in the 
Maithili script during these centuries. The peculiar 
manner of adding vowels to the consonants is a unique 
feature of the Maithili script which is perhaps not found 
in any northern Indian script. 


F.9 






THE COMPUTATION OF THE BHAGAVADGITA 
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Lecturer in Sanskrit, Allahabad University 


Traditional Clue 

srr^ i 
5 ^raR: IIVII 
ii 

— Mahabharata, Bhi§marj)arvan, Adhyaya 43 

“ Ke^ava (Sri-Bhagavan or Kr§na) has spoken 620 
ilokas, Arjuna 57, Safljaya 67, and Dhrtara^tra 1 §loka. 
(This) is said (to be) the computation of the Gita.” 

These words are found in the Mahabharata as is borne 
out by Nllakan(.ha, the commentator, in his Bhdrata-hhdvor 
dlpa; and some editions of the great epic contain them in 
the beginning of Adhyaya 43 of the Bhlsma-parvan, the 
preceding adhyaya {i.e., 42nd) being the 18th adhyaya 
of the Bhagavadgita. 

There is a difference of opinion on the point whether 
these lines form part of the genuine Mahabharata. The 
famous commentator Nllakantha remarks ( — “ iftgr 

to \ ”) that * the 
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Northerners* do not recc^nise the (first) 5^ versest 
(of Adhydya 43) beginning with the words ‘ Gltd sv>gltd 
kartavyd.' 

If we believe Nilakantha (and there is no reason why 
we should not), the 43rd adhydya of the Bhlsma-paroan 
according to the t^orthem\ recension of the Mahabharata 
goes without the lines in question, and, the Southern 
recension, where they existed in the times of 

and (*-^-> in the 14th, 12th 

and 11th centuries A.C.), could be expected to provide a 
room for them. 

The Bombay and Kumbakonam editions of the Maha- 
bharata contain the lines (i.e., 5| stanzas) quoted in our 
footnote; but as to the preservation of the Mahabharata 
text in any typical recension they are far from being satis- 

* Pandits of the South Indian communities have been calling 
Northerners as nHs (of. the division of Indian Brahmans into 
5 and 5 sections ; the terms and in 

« I « «). 

t gjftar ^rreraa?^: i 

«fkiT sfi*. i 

ng: IRII 

•ftiiT ^ nuRft 1 

q5» i « 6iw ’g<E N fW ll^ll 

in? %sira; 1 

^13*1: uiwfe 3 ii«ii 

^5RI«5: iftRWT II 

MRfl|aiaM4w>ftflT«lT ^ llkll 

|?R. listen 

— (nswrtR s^ailswiiif) 

+ Hr. Sukthankar in his B.O.R. Institute (Poona) edition of 
the Adiparvan (Prolegomena, p. LXVII) takes the word rfts used 
by Nilkantha, a Maharastra Brahman, to refer to the Bengali re- 
cension. If this be the correct interpretation, these verses formed 
part of all Indian MSS. of the Mahabhwata except those represent- 
ing the Bengali recension. 
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factory. The Bhandarkar Research Institute, Poona, has 
commenced the publication of a critical edition of the 
Mahabharata. But it will take time to lay its hand 
on the Bhlsma-farvan for its publication, and till then 
we shall remain in the dark as to what its editor may 
be thinking of, or may, in the long run, decide about, 
the history of the above-mentioned lines containing a 
clue to the method of counting the number of verses 
severally assigned to the individual speakers of the 
Bhagavadgita. Prof. P. P. S. Sastri of Madras has 
brought out an edition of the Mahabh^ata, which, in his 
own words, being the result of his “ endeavour to restore 
the text of the Southern Recension as approximately as may 
be possible to what it must have been about 1000 A.D. ” 
is “ as critical as possible in a handy and popular form.” 
However, to our astonishment, it omits not only the 5^ 
verses in question but even the entire adhyaya containing 
them. Its Adhydya 40 is Adhyaya 18 of the Bhagavad- 
gita and Adhyaya 41 is Adhyaya 44 of the Bombay and 
Kumbakonam editions. We are thus handicapped as to the 
true history of the verses that have traditionally pre- 
served to us the valuable information on the important 
subject of our present enquiry. 

However, be the decision on the question of the inclu- 
sion of the above-mentioned 5^ stanzas in the original 
Mahabharata what it may, one fact is quite evident that 
they bear testimony to an early attempt of the custodians of 
the Mahabharata in the direction of fixing the size and 
shape of the pure Bhagavadgita (Divine Song) so as to have 
left no room for any interpolation therein. 

Apparent Discrepancy 

Now, the whole of the Gita is expected to contain 
(620 -I- 57 + 67 -h 1 = ) 745 ilokas, according to the traditional 
figures recorded in the lines noted. above. But, as is gener- 
ally understood, the number of all the verses of the extant 
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‘ song Divine ’ does not exceed 700, as would appear from 


the following table : — 


Adhy&ya 

Dh|rtarSi|^ra 

Safijaya 

Arjuna 

^rt-BhagaySn 

Total. 

I 

1 

i9| (i.e., 3-201) 
4H „ 24-27t> 

1 („ 47) 

2i (1.6., 30^28) 
I8i(„ 274-46) 

... 

47 

II 


1 (i.e.. No. 1) 

2 ( „ 9-10) 

6 (i.e., 4-8) 

1 ( .. 64) 

2 (i.e., 2-8) 

43 ( ,,11-68) 

18 (..66-72) 

72 

III 



2 (i.e., 1-2) 

1 ( „ No. 36) 

33 (i.e,, 3-36) 

7 („ 87-43) 

43 

IV 



1 (i.e„ No. 4) 

3 (i.e., 1-8) 

38 ( „ 6-42) 

42 

V 



1 (i.e., No. 1) 

28 ( i.e , 2-9) 

29 

VI 



2 (i.e., 33-34) 

8 ( „ 87-39) 

32 (i.e. 1-82) 
2(„ 36-36) 

8 ( „ 40-47) 

47 

VII 

... 


... 

30 (i.e., 1-30) 

80 

VIII 



2 (i.e., 1-2) 

26 (i.e., 3-28) 

28 

IX 

- 



84 (i.e. 1-B4) 

34 

X 

- 


7 (i.e., 12-18) 

11 (i.e. 1-11) 

24 ( „ 19-42) 

42 

XI 


6 U.e.7 9-14) 

1 ( „ No. 36) 

1 ( „ M 50) 

4 (i.e., 1-4) 

17 („ 16-81) 

11 („ 36-46) 

1 („ No. 61) 

4 (i.e., 6-8) 

8(„ 82-84) 
3(„ 47-49) 

4 ( „ 82-66) 

66 

XII 



1 (i.e., No. 1) 

19(i.e,2-20) 

20 

XIII* 



* 

34 (i.e., 1-84) 

84 

XIV 

... 


1 (i.e.. No. 31) 

20 (i.e., 1-20) 

6(„ 22-27) 

27 

XV 




20 (i.e., 1-20) 

20 

XVI 




24 (i.e., 1-24) 

1 

XVII 

... 


1 (i.e,. No. 1 ) 

27 (i.e.:2-28) 

28 

XVIll 

... 

6 (i.e., 74-78) 

1 (i.e.. No. 1) 

1( 78) 

I 

71 (i.e., 2-72) 

78 

Total 

1 

41 

84 

674 

700* 


• Sri Sankaracarya and other Bho^yakaras are not aware of 
the existence of the verse “snMlf lat %?t 9 I 
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Comparing this result with the figures known from 
the Bhlsma-farvan, as follows, 



DhftarS^^ra 

Safijaya 

Arjuna 

Sri- 

Bhagarin 

Total 

Result of the table 

1 i 

41 

84 

674 

TOO 

Old tradition 

1 1 

67 


* 620 

745 


we at once notice that, except for the only figure (of one 
verse) for Dhrtara§tra, which is the same, in both 
places, there is a two-fold discre'pancy discernible between 
the figures for other speakers. For, while we notice a 
decreasing proportion in the number of verses of Safljaya, 
SrI-Bhagavan and the total, the number of Arjuna’s verses 
largely increases, in the result of our tabular calculation in 
comparison with the figures recorded in Adhya/ya 43 of 
the Bhlsma-'parvan. The question is 

‘How to account for this two- fold discre'pancy?’ 

Should we discard the ancient tradition as worthless 
in view of the actual figures obtained from our own calcul- 
ation pointing out decrease on one side and increase on the 
other ? Or, can we get at the method employed or principles 
involved in the ancient computation and remove the present 
difference ? The writer of these lines emphatically opines 
that until a thorough examination and patient study 
pursued on strictly scientific lines have proved its futility 
or hollowness, no ancient heritage has to be finally rejected. 
And in the present case the word §loka used in the lines in 


sjrif ^ II” which is put in the mouth of Arjuna at 

the very outset of Adhydya XIII in some popular editions of the 
GHtS.. It is also noteworthy that the total number of the Gita verses 
is said, by Sri Sankaracarya and others, to be exactly 700 , 
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question supplies us with the clue to the traditional or 
ancient method of the computation of the Bhagavadgita. 

Two Principles of the Ancient Computation 

The most fundamental principle generally followed 
in measuring the length of a Sanskrit work in prose or 
verse or both is that of counting together all its syllables 
and, after dividing them by 32 (the number of syllables or 
akmras contained in an Anustubh verse technically k n own 
as a Moka), of taking the quotient to represent the number 
of Slokas popularly called the GranPha-sahkhya of that 
particular work. This is how the Mahabharata (containing 
also prose portions), just like the whole Vedic literature 
under its three branches (Kandas) of Karma, Upasand and 
Jndna (including a larger number of works in prose than 
poetry), is to be measured in 100,000 HakOrS. The Gita is 
composed of verses in either Anustubh or Tristubh metre, 
the former unit including 32 and the latter generally 44 
syllables or aksaras, and by the application of the present 
principle, the keynote of the traditional method of comput- 
ing the ancient works, if, while counting together all the 
verses in the Gita, we evaluate the Tristubh verses by the 
measure of the A nustubh metre, we may expect ourselves to 
arrive at a figure different from 700, that may take us 
nearer to the traditional figure of 745. The number of the 
slokas of the whole work as well as of those assigned to 
different speakers is thus sure to increase in proportion to 
the surplus of the Tristubh stanzas weighed in Anustubhs. 
This may remove the discrepancy on the side of decrease 
in the number of verses we obtained for Salijaya {viz., 41), 
Sri-Bhagavan (574) and the total (700), in the result of our 
tabular calculation as compared to the traditional figures 
of 67, 620 and 745 respectively. 

But how to obviate the difficulty about the number of 
Arjuna’s verses, which instead of thus decreasing has 
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actually increased from 57 of the traditional record to 84 
of our tabular result? An insight into the nature of the 
Srl-Krsrmrjuna-saihvdda or the dialogue proper between 
Srl-Kr§na and Arjuna yields another principle to determine 
the exact verses to be assigned to Arjuna, the valuation 
whereof may remove the discrepancy on this score, too. 
We see that Arjuna’s speeches, which are generally short, 
are marked by the inquisitiveness of a pupil and amount 
to a request or a question, on his part, to which Sri-Bhaga- 
van responds in apt terms typical of a teacher. The only 
two adhyoAfas containing long speeches from Arjuna are 
I and XI. In Adhydya I, Slokas 27^ — 46, amounting to 
Arjuna’s grief (Sbka) and delusion (moha), the very seed of 
the message of SrI-Bhagavan, we see nothing foreign added 
to Arjuna’s native capacity. He speaks in the same 
strain once again, though briefly, in Adhyaya II, verses 
4 — 8. In Adhydya XI, ilokas 1 — 4, he, showing his satis- 
faction with the secret knowledge imparted to him by Sri- 
Bhagavan, requests the latter to reveal to him His highest 
form. Sri-Bhagavan has, however, complied with this 
request of Arjuna, His greatest devotee and friend, and 
virtually blesses him with divine vision, since that form of 
His was beyond the scope of the devotee’s human eye. Now, 
as a result of this divine vision, verses 15 — 31 and 36 — 46 
essentially of the nature of a stuti, do not come under the 
average part of Arjuna in the dialogue form and should 
not be credited to him. So, if we exclude these 28 verses, 
all in Tristuhh metre, all other verses bearing the stamp 
of Arjuna’s speech in the Gita may possibly come to the 
value of 57 ilokas. 

But, again, to whose speeches are these 28 verses to 
be added if not to Arjuna’s? We know that but for 
the Divine Eye lent for the time being by the Divine Lord 
to Arjuna, His ideal worshipper and devotee, the latter 
would have remained incapable of having a glimpse of the 
P. 10 
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Viha-rufa (Universal Form) and eulogizing the same. 
Hence, what comes out from his lips, in that mood of Divine 
vision, is really due to Sri-Bhagavan, to whom it would be, 
therefore, reasonable to associate it. So, verses 15 31, 
and 36 — 46 of Adhyaya XI should form part of the number 
of Slokas assigned to Sri-Bhagavan. 

With the application of these two principles let us 
now work out a fresh computation as is shown by the 


following table ; — 



DhrtarB^^ra 

Safljaya 

A r jnna 

Srl-BhagavBn ! 

Total. 

AdhyB- 

ya. 

Verse 

No. 

Sylla- 

hlea. 

V. Nos 

s. 

V, N. 

s. 

V. N. 

8. 

Syllables 

I 

(1) 


(2-20i) 

(24-27^) 

(47) 

624 

144 

32 

(804-28) 

(874-46) 

80 

592 



1604 

11 


i 

(1) 

(9-10) 

82 

64 

! 

(4) 

(5) 

(6) 
(7-8) 
(64) 

82 

*44 

*46 

*88 

82 

(2-8) 

(11-19) 

(20) 

(31) 

(22) 

(23-28) 

(29) 

(80-58) 

(66-69) 

(70) 

71-78 

64 

288 

*44 

82 

*44 

192 

*46 

768 

480 

•44 

64 

2403 

III 





(1-2) 

(36) 

64 

32 

(3-86) 

(37-43) 

1066 
224 1 

1378 

IV 

... j 




(4) 

32 

(1-8) 

(5-42) 

96 

1216 

1844 

V 




1 

0) 

32 

(2-29) 

896 

928 

VI 

... 




(38-34) 

(37-89) 

64 

96 

(1-32) 

(85-86) 

(40-47) 

.1024 

64 

256 

1604 

VII 

... 





... 

(1-80) 

960 

960 

VIII 





(1-9) 

64 

(8-8) 

(9) 

(10) 

(11) 

(12-97) 

. (98) 

192 

•44 

•46 

*44 

612 

*44 

946 
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DbftarBf^ra 

Safija 7 a 

A guns 

dri-Bhagayftn 

Total 

Adhia- 

ya. 

Verse 

No. 

87 lla- 

bles. 

V. Nos. 

8 . 

V. N. 

B. 

V. N. 

8 . 

Byllables 

IX 







(1-18) 

(30-21) 

(23-84) 

608 

•88 

416 

1113 

X 





(12-18) 

334 

( 1 - 11 ) 

(18-43) 

863 

768 

1844 

XI 



(9-U) 

(36) 

(60) 

193 

♦44 

*44 

(1-4) 

(61) 

139 

82 

(6-81 

(15-31) 

(83-34) 

(36-46) 

(47-49) 

( 62 - 66 ) 

138 

•748 

*183 

*484 

*182 

128 

3192 

XII 





(1) 

83 

(3-20) 

608 

640 

XIII 







(1-84) 

1088 

1088 

XIV 


... 



(21) 

32 

(1-20) 

(22-27) 

640 

193 

864 

XV 





’ i 


(1) 

(3) 

(8) 

(4-6) 

(6-14) 

(16) 

(16-30) 

83 

*44 

*46 

*88 

388 

*44 

160 

701 

XVI 

... 

... 



1 


(1-24) 

768 

768 

XVII 

... 

... 



(1) 

83 

(3-28) 

864 

896 

XVIII 



(74-78) 

160 1 

(1) 

(73) 

33 

83 

(2-73) 

3373 

3496 

Tofcal 
No. of 

8 7 1 1 a- 
bles 


33 

... 

1886 

... 

1848 


19865 

23066 

Valua- 
tion in 
Hohaa 
(of 82 

8 7 11 a- 
blea 
each.) 


^ 1 

iloka 

1 

41 slokaa 

34 87 llableB 


$ 

5 ? 

.n 

t- Oi 
to — • 

i 

630 HoJcaa. 

15 87 llable 8 . 

^ 720 
ilokaa 

36 B7li. 


* In the above table, the asterisks indicate the Tri^fubh metre 
and the italicized figures of Adhydya XI stand for Arjuna’s 
speeches counted as Sri-Bhagavat’s. 
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Thus we get one §loka for Dhrtara§tra, 57 ilokas and 
19 aksaras for Arjuna, and 620 ilokas and 15 aksaras for 
SrI-Bhagavan, not differing much from the figures of 1 
(one), 57 and 620 ilokas assigned respectively to the very 
same speakers by the Mahabharata tradition. Evidently, 
the ancients, in their computation of the Gita did not take 
the fraction of a iloka into consideration; and so we have 
to take only full ilokas of the total number for Arjuna 
and Sri-Bhagavan [as well as of the grand total] into 
our account and leave out the excess of aksaras (syllables) 
in these cases. If we were to believe that Arjuna has 
uttered one iloka in the beginning of Adhxfoya XIII and 
the latter contains 35 instead of 34 ilokas, the whole 
number of ilokas for Arjuna would exceed the limit, 
which is not desirable. Hence Adhyaya XIII contains 
only 34 ilokas, all for Sri-Bhagavan, and no iloka for 
Arjuna. 

We are still confronted by a problem awaiting its 
solution, viz., that the number for Safijaya and consequent- 
ly the grand total falls short by about 25 ilokas, in 
spite of ouu discovery and application of special principles. 
How to get out of this difficulty? We have to meet this 
question with something which must form part of the Gita 
text itself. 


A Third Principle. 

So far, we have counted every syllable {ak§ara) of all 
the verses of the Bhagavadgita; but we have not touched 
the colophons in prose marking the termina,tion of the 
individual adhydyas or subdivisions of that book. The 
colophons in a Sanskrit work are always considered to be 
its genuinely component parts unless a proof to the contrary 
shows them to be otherwise. In the light of this principle 
the prose colophons are to be treated as a legitimate part 
of the Gita like verses themselves. 



THE computation OE THE bhagavadgita 77 

But to whom are the colophons of the Divine Discourse 
to be assigned? There are only 4 persons to whom the 
whole Gita is due. Its main subject forms a dialc^e 
between Ke^ava and Arjuna;* and the colophons are quite 
apart therefrom. Dhrtara§tra plays no other part than 
that of putting a question, at the very outset, to Safljaya, 
who, in reply to it, reproduces the whole dialogue as it took 
place between Arjuna and Bhagavan SrI-Krsna with his 
own remarks wherever there is an occasion or a necessity 
for them to be introduced. Thus, the whole of the Gita, 
in the shape it has come down to us, is to be understood to 
have been told by one person, i.e., Salljaya (to Dhrtara§tra). 
The colophons should, therefore, form an indispensable part 
of Safijaya’s speech. The computation of these colophons 
is as follows; — 

The words 

amounting to 31 syllables are common to 
all the 18 colophons marking the terminations of the 18 
adhyayas; and so, for these words of 31 syllables repeated 
18 times, we get 31 x18 = 558 syllables. The remaining 
portions of the colophons recording the names of the 
individual adhyayas are read differently in all the 18 places. 
But, again, there is a difficulty in the way of our counting 
their syllables inasmuch as, in a number of cases, the 
colophon for or the name of one and the same adhydya offers 
different readings in different books of the Srimad- 
Bhagavadgita. The readings found in the Mahabharata 
itself, of which the Bhagavadgltd-'parvan {Adhyayas 13 — 
42) forms a svh-farvan of the Bhlsma-parvan, may, how- 
ever, be taken as the standard ones. The latest edition of 
the Mahabharata (Southern Beoension) by Prof. P. P. S. 
Sastri of the Presidency College, Madras, does not contain 
the names of the adhyayas of the Bhagavadgita in the 


• Adhydya XVlIl, Uolm 74 and 76. 
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colophons. The two Calcutta editions are not easily avail- 
able. But it is a matter of great satisfaction that the other 
two, i.e,, Ganpat Krsnaji (Bombay) and Madhva Vilas 
Book Depot (Kumbakonam), editions (except in one case 
of the colophon to Adhydya XI) give identical readings, 
the computation whereof would be as follows : — 


AdhySya No. 

The latter parts of colophons 

Valuation in 
syllables 

I 

— s^f^^r^nrt !T*iirTs«iTir; 

14 

II 

siw 

11 

III 

HUT 

11 

IV 

»nirf^HT«Ai»Tt sinr 

14 

V 


12 

VI 

wqrcB^rtft sim 

11 

VII 

sim 

11 

VIII 


13 

IX 

«iTfr sjsArssim; 

17 

X 

«iro ?(!ITtTSWIT«I; 

12 

XI 


16 

XII 

«mT 

11 

XIII 


18 

XIV 

siro 

17 

XV 

snn qs^’^SEqW; 

15 

XVI 

^sirg^^iwi^MinTlrnTt sim 

18 

XVII 


17 

XVIII 

qwrrgilfnft !n*TreTg^ftsajT«i: 

12 

Total number of syllables for these parts 

250 


* Most of the Gita books read which should 

be accepted as the correct name for Adhydya Y. 

t Although the names and found in 

some Gita books would also give the same number of syllables 
as yet we have followed the Mahabharata in the 

nomenclature of the Gita colophons. 


} The present reading is found in the Kumbakonam edition. 
The Bombay and Calcutta editions read only ifTR’, 

omitting the word%^* before If the latter reading be adopted, 
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It is strange that both the Bombay and Kumbakonam 
editions give one and the same name for the 5th as well as 
the 18th adhyaya. Samnydsa-yoga should, however, be 
accepted as the name for the 18th adhyaya only, while 
Karma-samnydsa-yoga, as met with in majority of Gita 
books, should be the name of the 5th adhyaya. This 
change would give us 2 syllables more against the 5th 
adhydya. But the total of 250 may remain unchanged 
for the fact that the Bombay and Calcutta editions read 
only in place of of the 

Kumbakonam edition and the former reading would give 
us 2 syllables less against the 11th adhydya. 

Thus, aU the 18 colophons in their entirety add 
(658 + 250, or) 808 syllables, or 808/32 = 25/^ Slokas, more 
to the number of Hokas proper (41 ) for Salijaya. By 
the addition of both these figures (41 + 25 / 3 ) we obtain 
exactly 67, which is the number of ilokas said to have 
belonged to. Salijaya according to the information 
available in the Mahabharata itself. 

Result 

Thus, the respective figures of 1 , 67, 57^| and 620^| 
for Dhrtarastra, Salijaya, Arjuna and Ke4ava, arrived 
at in the light of the special principles elucidated above, 
tally [almost] exactly with the numbers ( 1 , 67, 57 and 620) 
of Slokas credited to these four characters of the Bhagavad- 
gita in Adhydya 43 of the Bhxsma-farvan. The grantha- 
sahkhyd of the Gita, thus obtained, would come to 746s\ 
(our previous total of 720^3 + colophons of 263 * 5 ) Slokas. 
But as, according to our previous decision, the excess of 

it would give us only 14 syllables against the eleventh adhyaya. 
This loss of 2 syllables can well be compensated by the addition of 
the word (yielding the same number) before the name for the 
fifth adhyaya. 
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syllable in tlw separate figures for the speakers has to 
be left out, tie grantha-sahkhya of the whole Gita should 
be taken to l^ain [1 + 67 + 57 + 620=] 745 ilokas and 
not exceed this number by 19 + 15 or 26 + 8 syllables ( = 1 /s 
Sloka). This is also because, in view of the fact that in the 
Gita we have the Tristubh metre thrice (II. 29; VIII. 10; 
and XV. 3) of 45 and once (II. 6) even of 46 against 44 
syllables, its normal size, and similarly the Anustubh 
metre once (XI. 1) of 33 instead of 32 syllables, the deduc- 
tion of these six irregular syllables would give us, over 
and above 745 Mokas, only 28 syllables, which do not 
amount to a .Hoka and are, therefore, to be left out. 

Importance op the Present Study 

The above investigation is not to be considered as use- 
less like the examination of a crow’s teeth 
It is important for the following points : — 

(1) The ancient tradition of the computation of the 
whole of the Gita as recorded in the Mahabharata 
{BMsma-parvan, Adhydya 43), has preserved the textual 
purity of the Bhagavadgita against all interpolations. 

(2) The 13th adhydya, contains, only 34 §lokas, all 
from SrI-Bhagavan (Ke^ava or Sri-Krsna); and the verse, 

^ ?rR il«r il,” 

credited to Arjuna in popular editions, forms no part of 
the original Bhagavadgita and did not exist in the 
times of its earlier commentators, and, consequently, they 
could not be expected to write anything regarding it. 

(3) The colophons at the end of the adhydyas form an 
integral part of the original Bhagavadgita and must, as 
such, be included in its pdtha. Their text also can well 
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nigh be fixed in the light of the fact that tl 
reading has to afford 808 syllables in all. 


(4) As according to the Mahabharata recor»>tlie compu- 
tation of the Gita including, as shown above, both the 
verses and the prose colophons ought not to exceed 745 
Alohas in all, the small sentences like 

>*1^ repeatedly met with in the 

work and used for introducing verses of those various 
speakers are decidedly no indispensable part of Safljaya’s 
narration of the dialogue between Sri Krsna and ATjuna 
before Dhrtarastra in reply to the latter’s question and 
could not possibly fall under the four headings of the 
settled computation of the Gita; and any one who excludes 
them in course of his Patha (’TO, daily recitation) does 
nothing seriously wrong. These introductory sentences, 
too, may be treated as regular part of the Gita; but, in 
that case, they are to be assigned to the author of the 
Mahabharata and certainly not to the four speakers named 
above. The present writer has also worked the adhyaya- 
wise computation of all such sentences, which, put tc^ther, 
comes to more than 10 Hokas and their addition to any 
one or all the four headings of the computation of the 
Gita would not only go without justification but also 
mean a serious blow to the figures of the established 
computation of the work in question. 

(5) Whenever we are to calculate the granth-safikhya 
or ilokas of a work, the word iloka is generally to be taken 
as an equivalent of an A nustuhh verse or 32 syllables. This 
explains the fact that, even according to [the Anukromani- 
kadhyaya of] the Mahabharata itself, the actual number 
of its verses comes to a little more than 84,000 and was 
almost the same in Nilakantha’s time (i7th century), as 
is clear from its Bombay and Calcutta editions. And, 
consequently, modem editors or critics of the Mah&bharata 

F. 11 
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are mistaken in their attempt or anxiety to count in it 
100,000 ‘ verses ’ instead of ‘ ilokas ’ of the traditional 
sense of granthcu-sahkhyd (“51^ 3 

(6) The speech of Arjuna in the form of a stuti due 
to the Divine Vision granted him by Sri-Bhagavan is to 
be treated as part of the Divine Lord’s speech. 

(7) The original Bhagavadgita never existed in 
(any form) less than the present 700 verses and it was in 
this very shape and size that this monumental discourse 
was included in the Bhlsma-faroan of the Mahahharata. 
This last point has been a subject of great controversy and 
involves a discussion as to whether the original Maha- 
bharata was a work in a hundred thousand (100,000) ilokas. 
To Prof. P. P. S. Sastri is due the credit of settling this 
point in his introduction to Parts I and II of the Adi- 
parvan, and accordingly, when the original Mahabharata 
itself, amounting to 100,000 ilokas, is proved to contain 
the present Gita of 18 adhyayas, the controversy regard- 
ing the latter’s size should also be set at rest. 
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BY 

M. Z. A. ANSABI, M.A., 

{Gold Medallist, Honoursman & Ex-Research scholar of the 
Allahabad University). 

Introduction. 

1. Origin and scope of Islamic Philosophy. 

Muslims, to begin with, were a practical type of men, 
too busy in their affairs, to have time enough to theorise. 
After a short period, however, when they had settled them- 
selves satisfactorily and the days of the Prophet and the 
four Caliphs had passed, they found time for, and even the 
necessity of, speculating over certain problems connected 
with the attributes of God and the Freedom of Will. 

These were the days of the Umayyad princes with 
Damascus as the capital of Islamic State. Time was now 
ripe for the Mulims to enter the intellectual field, and the 
fire now ablaze, was added fuel to by the religious contro- 
versies brought forth by the Syrian Christians who 
possessed certain mutilated and even spurious translations 
of Greek Philosophers. These Christians had developed 
a taste for speculation, in so far at least as it helped them 
in their religious controversies. To be brief, however, 
“ Greek wisdom flowed towards the Muslim East through 
Harran and Syria. The Syrians took up the latest Greek 
speculation, i.e., Neo-Platonism and transmitted to the 
Muslim what they believed to be the real philosophy of 
Aristotle.”* 

The attitude of the Muslims, now naturally, differed 
as to the value of this newly-come wisdom. The more 
orthodox contented themselves with the Eevelation and 

I i)er. of Met., by I^bal, p. 24. 
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kept quite aloof from a logic-chopping of religious verities, 
which act they even condemned as innovation (bida’) 
and hence misleading, quoting a l^Adith — perhaps misin- 
terpreting it — that “ all innovation is misleading. . . ” 

A group of Muslims, however, took to it seriously, yet 
the hold of religion was so strong that men of this group 
too, could not for once doubt the validity of revelation. 
Qur’an was right, but Aristotle too was right. The seem- 
ing antinomy, they held, between revelation and reason was 
based upon a superficial grasp of revealed truth. What 
they attempted at, was to solve the apparent antinomy in 
certain points between philosophical and scientific truths 
on the one hand and religious verities on the other. 

A group of thinkers seceded from the orthodox and 
was called ‘ Mu’tazalite ’ (the dissenters). The difference 
of attitude towards Hellenism, thus brought forth schisms 
and groups in Islam, and to take into account the philoso- 
phical schismatics only, we find that the first group of 
thinkers in Islam that seceded itself from the orthodox 
was named ‘ Mu’tazalite. ’ Here it may be made clear that 
even if there had been no Hellenistic influence over the 
Muslims, the problem itself which they had had to confront 
with, namely, that of Free Will and Determinism — for the 
present leaving out of consideration the problem of the 
attributes of God — ^would have created among them a 
difference of opinion and given them an impetus to philoso- 
phize, as it does everywhere else. Yet environments do a 
great deal affect the trend of thought and they did the 
same here. 

It is controversial whether, the first impetus to philoso- 
phize among the Muslims was given by the problem of Free 
will and Determinism or by that of the Logos, or word of 
God or the Creation of Qur'an giving rise to theories about 
the attributes of God. But as Professor Macdonald holds, 
it is most probable that philosophical speculation did begin 
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in Islam, as it does everywhere else, in the much perplexing 
problem of Determinism and Libertarianism. And there are 
evidences to support this contention, both psychological and 
historical. Man finds himself placed under environments 
which mostly he does not himself create, and finds his own 
actions determined by these environments. He takes his 
start in life in circumstances other than he would have 
wished to have and these go a long way in defining his 
course of action. Moreover, in the physical realm of the 
Universe he finds a regular chain of causation governing 
the Universe. This leads him to pass a verdict in favour 
of Determinism; yet his own inner observations, obser- 
vations of the self, generate in him a belief to the contrary 
and upon instinct he feels himself free. This leads him 
to the other side of the picture and in a state of wonder 
he fails to harmonise the two views. Historically also we 
find that the problem of freedom and determinism had been 
introduced in' the days of the prophet himself and certain 
traditions regarding it are to be found inclined towards 
Determinism. This we find to have been the position much 
before the problem of Logos or the creation of the word or 
the eternity of it had been brought in the front. 

It is safe therefore to hold with Macdonald that 
speculation in Islam began with the problem of Freedom 
and Determinism. What shapes it assumed, in different 
periods, does not concern us presently. O’Leary’s treat- 
ment of the subject betrays his inclination towards the 
opposite view, namely, taking the problem of the Logos or 
‘the word giving the initiative to philosophise. 

We have briefly considered the subject of the origin 
of Islamic Philosophy and found that it originated in 
Syria with the problem of Freedom and Determinism and 
the impetus to it was given by the surrounding people who 
had a taste for speculation to help them in giving a 
rationale of their beliefs and dogmas and holding their 
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own in opposition to other beliefs. It would be too lengthy 
here to trace the passages in detail through which philoso- 
phy came to the Muslims; suffice it here to indicate that it 
was through their contact with the Christians and 
Zoroastrians who had their schools at Alexandria, Nisibis, 
Antioch, Harran, Jundesapur and Edessa that the 
Muslims were initiated into philosophical problems. We 
might agree with Professor Nicholson who says that 
‘ Muslim theology, philosophy and science put forth their 
first luxuriant shoots on a soil which was saturated with 
Hellenistic culture.’® 

Scope. 

We may now pass on to consider the scope of Islamic 
Philosophy, which seems to be a very significant problem 
these days, as a misapprehension of the scope of the subject 
has been greatly responsible for its negligence. 

There is a world of difference between what we mean 
by Islamic Philosophy and what we should mean by it. An 
unfortunate misconception of terminology has largely been 
responsible for the too often repeated charge against Islamic 
Philosophy that it lacks in originality; and most of the 
orientalists are never tired of saying that it never enabled 
itself to outthink Aristotle or the Neo-Platonists. Yet we 
shall find, presently on investigation, how baseless and futile 
such hasty generalizations prove to be. The fact is that, 
out of numerous schools of thought, there was one that 
based its thinking directly on a study of Greek thought. 
This particular group of thinkers was known as ‘ falasi- 
fah.’ “ The Arabic writers” says O’Leary, “give the 
name of failasuf , a transliteration of the Greek i>M<so'f‘oa to 
those who based their study directly upon the Greek texts 
either as translators or as students of philosophy, or as the 
pupils of those who used the Greek Text. The word is used 


s Mystics of Islam, p. 9. 
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to denote a particular series of Arabic Scholars who arose 
in the 3rd century A.H. and came to an end in the 7th 
century, and who had their origin in the more accurate 
study of Aristotle based on an examination of the Greek 
Text and the Greek commentators whose work was circul- 
ated in Syria and is employed as though these falasifah 
formed a particular sect or school of thought. Other 
philosophical students were termed Hakim or Nazir,”* 
and we may add to these ‘ Mutakallim and Sufi.’ 

Thus we see that falsifah is not the same as philosophy 
for us today. Philosophy, the anglicised form of i>i\6oo't>o^ 
is not the same as falsifah the Arabicised form of it. The 
former is the whole of it while the latter only a part. 
Philosophy has got a much wider connotation than falsifah. 
Any speculation that was anti-Greek or even non-Greek 
ipso facto could not be falsifah, while it is a philosophy for 
us be it Greek or anti-Greek. This is a misconception 
which has originated either through prejudice or ignorance, 
and has led a scholar like De Boer to begin Islamic 
Philosophy with al-Kindl and finish with Aver roes, 
casting only a cursory glance over other — as important if 
not more — important schools of thought, even leaving some 
out of consideration. 

Thus the scope of Islamic Philosophy has been 
curtailed down to nearly one-third, if not less, of what it 
really is through the unfortunate and sad misinterpretation 
of this one term. It was perhaps due to the over-developed 
sense of accuracy, exactness and analytic bent of mind of 
the Muslim scholars that they gave a Greek name to a 
system of thought that went on Greek lines. 

It is difficult to find the logic of selecting a particular 
school of thought from, out of a whole system and trying to 
find out in it elements which it excludes by its very definition. 


* O’Leary, Arabic Thought and its Place in History, pp. 136-6. 
P. 12 
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Falsifah is the name of the Aristotelian system of thought 
and it is futile to trace in it anti-Aristotelianism. If it 
goes on anti-Greek lines, it is not falsifah. 

Now it is clear that if we find Hellenism and nothing 
more in the system of the Falsifah, it is what it must in 
rerum natura be. To condemn the whole system as servile 
imitation on examining a part of it, which itself does not 
claim any radical deviation from Hellenism, is a mean- 
ingless effort. 

The space at our disposal does not permit us to show 
that even this notorious group of Aristotelians is not 
utterly devoid of originality and a deeper study is bound 
to disclose that, even among the Mu’tazalites and the 
Falasifah, there have been thinkers who did not merely 
accept Aristotle or the Neo-Platonists as ‘ Reason 
personified.’ 

In the next chapter however, we shall have occasion to 
see that there are Anti-Aristotelian tendencies even in the 
systems worked out by the Falasifah and the Mu’tazalites. 

To return now to the main theme of this chapter we 
may advantageously divide Islamic Philosophy under the 
following five broad schools of thought; — 

1. The Mu’tazalites — Semi- Aristotelians. 

2. The Falasifah — Neo-Platonico-Aristotelians. 

3. The Ash’arites — Non- Aristotelians. 

4. The Mystico-theological thinkers — Non- Aristote- 

lians.' 

5. The Mystics proper — Non-Aristotelians. 

In the subsequent pages we shall mainly deal with 
those thinkers only who are not only non- Aristotelian but 
anti- Aristotelian, casting a cursory glance upon others only 
in so far as they are helpful in connection with our study 
of the anti-Aristotelians. 



CHAPTER I. 


The Pre-reactionary Period — The Mu’tazalites. 

“ Wlhen the Aristotelian Philosophy was made known 
to the Islamic world it was received almost as a revelation 
supplementing the Qur'an. At that time it was very 
imperfectly understood and the discrepancies between it 
and orthodox theolc^y were not perceived. Thus the 
Qur'an and Aristotle were read together and regarded as 
supplementing one another in good faith, but inevitably 
the conclusions, and still more perhaps the methods, of 
Greek Philosophy began to act as a powerful solvent on 
the traditional beliefs.”^ 

But this sort of unreserved homage to Aristotle did 
not continue long enough ; and thinkers, form amongst the 
Aristotelian group itself, began to criticize him freely. 

Leaving out of consideration the Mu’tazalites before 
Allaf, we may have a cursory glance over the nature of the 
Mil’tazalite speculation as such. 

The studies of the Mu’tazalites now penetrated deeper 
than a mere superficial grasp of Aristotelian philosophy; 
and with a better grasp of Greek thought came a freer 
criticism of it also. Now they began to look with suspicion 
upon the sole monopoly they had given to Aristotle and the 
Neo-Platonists for philosophical speculation. However, 
this was only an indication of the full-fledged reaction that 
began some times after; yet it is sure that the seeds of it 
had been sown by these notorious thinkers. 

The most prominent names among the Mu’tazalites are 
those of Wa§il bin ‘Ata’, Mu’badal Juhani, Abu’l Hudhail 
al 'All3,f, Ibrahim bin Sayyar al Na;p?am, Bishr bin 

* O’Leary, Arabic Thought and its Place in History, p. 12^. 
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Mu’tamir, Mdmmar bin ’Abbad al Sullami, Tumameh bin 
Ashras, Amr bin Bakr al Jabiz, Jubbai, Hishajn bin al 
Hikam, Abu Hashim and some others of lesser importance. 
It would be too lengthy a business, and perhaps beyond the 
scope of the present work, to form anything like a right 
estimate of their individual contributions. Suffice it here 
to point out their attitude and contribution as a group. 

Reaction in the history of a people’s thought is never 
a sudden and abrupt output, it is rather gradual and slow, 
germs of it developing in the beginning in an unnoticed 
manner and finding time and environment and some poten- 
tate intellect as its mouthpiece, it bursts forth with a force 
which apparently seems to have given birth to it all of a 
sudden. It is because our main theme is to consider the 
Anti- Aristotelian group, that though we cannot enter into 
a detailed discussion of their precursors, we must know 
what grounds had been prepared and the position reached 
by the Pre-Ash’arite thinkers. Unless this is taken into 
consideration we shall not be able to understand fully the 
significance of the reaction. 

Wa§il bin ‘Ata’, a disciple of Hasan al Ba^ri,,the 
famous saint, may be said to be the founder of the Ration- 
alist movement. Till now, orthodox Muslims were inclined 
towards believing in determinism rather than free will, 
and in the eternity of the Qur’an rather than its having 
been created. The rationalists now took the opposite views 
and tried to show that Determinism and the co-eternity of 
the attributes of God with Him were tenable neither on 
religious nor on philosophical grounds. To believe in 
determinism, they contended, and along with it in the 
rewards and punishments in the hereafter was to deprive 
God of Justice, because only a man who is free to choose 
between his actions and is not compelled to take a predeter- 
mined course can be held responsible for the good or evil 
that comes of him; otherwise it is tyranny and injustice to 
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punish a man for a course of action which he could not but 
take. As for the second problem, namely, the attributesi of 
God, their contention was that if attributes are held to be 
co-eternal with God, it lands us into polytheism. Even if 
we take His word to be uncreated it means introducing a 
duality in His Nature, because either a particular attri- 
bute is identical with Him or not. If we take the latter 
alternative as the Non-Mu’tazalites did, it is in substance 
positing other Gods besides the One God. The right 
position, Abu’l Hudhail held, was that ‘ God is knowing, 
all powerful, living; and His knowledge, power and life 
constitute His very essence.’*’ He preached the identity of 
Essence and Attribute. The Mu’tazalites called themselves, 
in accordance with their view of the two aforesaid problems, 
‘ Ahlal Tawhid Wa’l ’Adi ’ (people of unity and justice). 
As against the orthodox, they tried to uphold the unity 
and justice of God above everything. Wiasil bin ’Ata’ the 
forerunner of ’Allaf and the founder of the sect led the 
reaction against the crude fatalism of the orthodox and in 
course of time these two problems gave birth to many other 
sub-problems such as the nature of matter, the relation 
between essence and existence and so forth. 

These conceptions however underwent further modifi- 
cations, until the view of unity held by the Mu’tazalites 
became a mere abstract possibility about which nothing 
could be predicated. Abu Hashim goes so far as to say 
that we cannot attribute even knowledge to God,® for His 
knowledge must be in Himself (or otherwise). The first 
necessitates the identity of subject and object which is 
absurd, the second implicates duality in the nature of God 
which is equally impossible.’ 


5 Shahrastam, Cureton, p. 34. 

« Ibid., p. 48. 

’ Dev. Met. in Persia, Iqbal, p. 60. 
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We may, at this stage, see an example of the way in 
which the Mu’tazalites tried to bring reason and Eevela- 
tion or Aristotle and the Qur'an into conformity with each 
other. Aristotle’s position with regard to the Universe 
is that it exists from eternity, but the Qur'an is explicit on 
the point that it was created. Now, they tried to harmonize 
the two positions by maintaining that ‘ it existed eternally, 
but in perfect quiescence and stillness, as it were latent 
and potential rather than actual, and without those quali- 
ties which appear in the categories of Logic and are to us 
the only known terms of existence. Creation meant that 
God brought in movement so that things began to exist in 
time and space. . . .’* 

We may consider briefly the position of the more 
important thinkers among the Mu’tazalites because it was 
the legacy left by them that gave rise to the Anti- Aristote- 
lian reaction. Having briefly discussed the position of 
’Allaf , we may now pass on to the celebrated Nazzam,® a 
disciple of the said ’Allaf. He was an encyclopaedic writer 
(d. 231) and a devoted student of Greek philosophy. 

Being an advocate of Free Will and the objective 
standard of good and evil in the case of God, he was 
confronted with an objection that if the objective standard 
of good and evil is maintained for God, it means that His 
own actions are determined, because, in accordance with 
the Mu’tazalite position, God does not will anything 
contrary to good and therefore his acts are not free but 
determined. This restriction, Nazzam admitted in the case 


* O^Leary : Arabic Thought y p, 125. 

^ For a full account of Nazzam’s position see, AUFarq bain al 
Firaq by Taliir Baghdadi, Kitdbal Ansab by Sam’ani, Milil wal 
Nihal by Shahrastani, Ibn Hazm, and Yehya Zaidi, Murujal 
Dhahaby etc. 
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of God, but held that it was only a restriction in potential- 
ity not in actuality, God being restricted by His own nature. 

He taught the infinite divisibility of matter and 
obliterated the distinction between substance and accident.*® 
Existence, he regarded aa a quality superimposed by God 
on the pre-existing material atoms which would have been 
incapable of perception without this quality. Substance, 
he maintained to be a collection of qualities — taste, odour, 
colour — which in themselves are nothing more than material 
potentialities. The soul, too, is a finer kind of matter, and 
the processes of knowledge are mere mental motions. 
Creation isi only the actualisation of pre-existing potentia- 
lities (Tafra.)“ 

Bishr bin al Mu’tamir is the next figure we come across 
in our present inquiry. For him, as well as for Al 'Attar 
Basari, colour, length, breadth, taste or smell are all the 
activities of bodies themselves and not created by God. 
Mu’tamir explains the properties of bodies and the serial 
connection between actions and their resultants by what 
he calls ‘ Tawallud.’*® The position of these thinkersi has 
therefore been summed up by Iqbal in the following words ; 

‘ Rationalists were philosophically materialists and theolo- 
gically Deists.’ We might quote another passage from the 
same author to show their treatment of atomism, which he 
takes from Kitdh al Masd'il fi 'I Idiildf bayn al-Basriyyln 
wa'l Baghdadlyyln . To them, substance and atom are 
identical, and they define substance as a space filling atom 
which, besides the quality of filling space, has a certain 
direction, force and existence forming its very essence as an 
actuality. In shape it is square-like; for if it is supposed 
to be circular, combination of different atoms would not 


Shahrastani, Cureton, p. 38. 
n Ibid, p. 38. 

1* Ibid., p. 44. 
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be possible. There is however a great difference of opinion 
among the exponents of atomism in regard to the nature 
of atom. Some hold that atoms are all similar to each other ; 
while Abu’l Qasim of Balkh regards them similar as well 
as dissimilar. When we say that two things are similar 
to each other, we do not necessarily mean that they are 
similar in all their attributes. Abu’l Qaaim further 
differs from Nazzam in advocating the indestructibility of 
atom. He holds that the atom had a beginning in time 
but that it cannot be completely annihilated. The attri- 
bute of ‘ Baqa’ (continued existence), he says, does not 
give to its subject a new attribute other than existence; 
and the continuity of existence is not an additional 
attribute at all. The divine activity created atom as well 
as its continued existence. Abu’l Qasim, however, admits 
that some atoms may not have been created for continued 
existence. He denies also the existence of any interven- 
ing space between different atoms, and holds unlike other 
representatives of the school, that the essence or atom 
(Mahiyyat) could not remain essence in a state of non- 
existence. To advocate the opposite, that an essence (which 
is essence because of the attribute of existence) could 
remain essence in a state of non-existence, is to say that 
the existent could remain existent in a state of non- 
existence. It is obvious that Abu’l Qasim here approaches 
the Ash’arite theory of knowledge which dealt a serious 
blow to the Rationalist theory of matter.*^ 

Next we may consider the position of Ma’mar who 
holds the attributes of God as only negative conceptions. 
When He is said to be infinite, it means that He is un- 
limited in space, or by saying eternal it is meant only that 
He is not limited in time. However this thinker tends 
towards Pantheism. 


13 Bev. of Met. in Persia, Iqbal, pp. 63-66. 
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Tumamah b. Ashras and A1 Jahiz represent sceptic 
tendencies and the former denies God as having created 
the Universe through an act of volition. His position 
displays two-fold tendencies — Scepticism and Pantheism 
— the former carried further by A1 Jahiz and the latter 
by the Sufis. 

A1 Jahiz regards will as simply a manner of knowing 
and so an accident of knowledge : a voluntary act he defines 
as one known to its agent. 

The Mu’tazalite school of Baghdad concerned itself 
mainly with the metaphysical question “ What is a 
thing?” and that of Basrah carried on further discussions 
over the attributes of God 

The Mu’tazalite ascendency comes to a close with 
Abu ‘All al Jubba’I and Abii Hashim giving place to the 
Ash'arite system of Thought started by Al-Ash‘arl. which 
we shall consider in the next chapter. 


CHAPTER TT 

Al-Ash'arI and THE Ash'arites. 

The Beginning of Reaction. 

With Al-Ash‘arl, Islamic thought enters a new era, 
and a full-fledged reaction against too ready an acceptance 
of Aristotelianism comes forth with full force. 

Abu’l Hasan al-Ash’ari, was born at Basra in 260 
A.H. and, until his fortieth year, he was a zealous pupil 
of the Mu’tazalite theolc^ian al-Djubba'i, then on the 
occasion of a dispute with his teacher on the fitness, of 
God’s predeterminations, disagreed with him and went his 
own way. But Spitta has shown that we have to do here 
with a biassed legend and that probably the study of the 
traditions elucidated for him the contradiction between the 
F. 13 
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Mu’tazalite views and the spirit of Islam. However that 
may be, he henceforth championed the orthodox views 
against the Mu’tazalites and composed a large number of 
works of a dogmatic and polemic nature. Ibn-i-Furak 
states that their number amounted to about 300. Tbn-i- 
’Asakir gives the titles of 93 of them which are repeated 
with occasiional notes in Spitta’s Zur Geschichte Abul 
Hasan al Asari’s, p. 63 et seq. Only a few of them have 
been preserved and are enumerated by Brockelmann. 
Gesch. der Arab Litter. 1. 195 . . 

“ The movement initiated by Al-Ash‘ari,” says Iqbal, 
“ was an attempt not only to purge Islam of all non-Islamic 
elements which had quietly crept into it, but also to 
harmonise the religious consciousness with the religious 
thought of Islam. Rationalism was an attempt to measure 
reality by reason alone; it implied the identity of the 
spheres of religion and philosophy, and strove to express 
faith in the form of concepts or terms of pure thought. 
It ignored the facts of human nature, and tended to 
disintegrate the solidarity of the Islamic Church. Hence 
the reaction.*"' 

The story of his conversion from the Mu’tazalite to the 
orthodox view has' been given by Ibn-i-Khalikan in the 
following words. ‘Al-Ash‘ari was a Mu’tazalite in the 
beginning, then he denounced the doctrines of Justice and 
the Creation of Qur'an in the Jami’ Masjid of Basrah on 
Friday. He publicly declared in the following manner, 

‘ Those who know me know who T am, as for those who do 
not know me, I am so and so, the son of so and so; I used 
to hold that the Qur'an was created and that 'eyes shall not 
see God and that we ourselves are the authors of our evil 
deeds ; now I have come back to the right view and now I 


Ency. of Islam, pp. 480-81. 

IS Dev. of Met. in Persia by Iqbal, pp. 66-67. 
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take upon myself to refute these doctrines and expose the 
weaknesses and the infamy of the group.’'" 

Since then he spent his whole life in writing polemical 
treatises against the Mu’tazalites. Some of his well-known 
works are — Kitab al Sharh wdl Taf^il, Luma’, Mu’jaz, 
Idah al Burhan, Tabyin, Al-Ibanah’an Usui al Dayanah, 
al-Istihsan fi’l khawd al Kalam, Maqalat al 
Islamiyyin, and MaqMat al Ghairal Islamiyyin. 

He succeeded in gathering round him a number of 
scholars who developed and spread hi& doctrines through- 
out the greater part of Islamic world. He gathered round 
him followers like Abu Sahl Sa’ltikl, Abu Qaff’al, Abu 
Zayd, Abu Bakr JurjanI, Abu Muhammad Tabari and 
many others of great learning and repute. These were the 
immediate followers of Al-Ash‘ari, but the later followers, 
most notable being Baqilani, Isfra'ini, Ibn-i-Furak, aV 
Qushairi, al-Juwaini (Imamal Haramain) and lastly the 
great al-Ghazzali. were men of high capabilities and it 
was through these people that al-Ash‘ari’s system gained 
ground in nearly all the Islamic countries. 

In the beginning there was a great opposition from 
certain quarters as the system maintained a compromise 
between the strictly orthodox views and the absolutely un- 
fettered thought of the latter Mu’tazalites like al-Jahiz and 
Ibn-i-Ashras. Out of the four schools of Fiqh in Islam, 
namely the Hanafite, the Shaf'iite, the Malikite and the 
Hanbalite, it was in the Shaf‘iite camp that it was most 
appreciated in the beginning. ‘ The Hanafites preferred 
the Maturldi doctrines and the Hanbalites kept to 
the old point of view. In Spain, Ibn Hazm opposed the 
Asha'rite doctrines. Under the first Seljuk Tughrul Beg, 
the distinguished Asha ‘rite teachers were even persecuted 
at the instance of the Wazir al Kunduri ; however his. 


Ihn-i-KhaUihan . pp. 326-327. 
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successor Nizamul Mulk put an end to this treatment of 
them.’*'' 

This was the state of affairs in the beginning, but by 
and by the Ash‘arites began gaining ground and due to 
the capabilities of its adherents, the Asha ‘rite system in a 
short period prevailed over all existing systems. In 
Spain also, Ibn Tumart, the so-called disciple of al- 
Ghazzali, did a great deal for the spread of this system of 
thought. 

Let us now consider the contribution made by these 
theological philosophers towards Islamic philosophy. We 
have already seen the position Islamic philosophy had 
reached when the Ash'arites came in the field. The burn- 
ing topics of these days were (1) the attributes of God, the 
Freedom of Will, the nature of substance, the theory of 
causation and the relation between essence and existence, 
with regard to all of which we have briefly considered the 
position of the Mu'tazalite thinkers. 

The problem of the attributes of God was the upshot 
of the purely theological question whether the word of 
God existed with Him or was created. In opposition to 
the Mu’tazalite view, the Asha'rites held up the theory of 
the attributes of God. There is a Mukhalafah, they 
maintained, amongst the numerous attributes of God. By 
this they meant that when we use a certain quality, say 
wisdom, for God, we ought not to mean anything by it 
that could be predicated of human beings. The attributes 
predicated of God should not be applied to men and if 
applied they must be predicated in a different meaning. 
By God’s being wise is meant that He possesses this parti- 
cular attribute in a way which cannot be predicated of 
men. The difference of meaning, they demand to be 
maintained, is not only quantitative but is qualitative as 


1'^ Envij, of Islam, p. 481, 
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well. That is, by saying that God is wise in a sense 
different from what we mean when we use the same adjec- 
tive for man, we should not mean that God possesses 
wisdom much more than man. 

This problem led to the closely related question of 
essence and existence and the Ash'arites maintain that the 
essence and the existence of God are identical. God is 
the ultimate necessary existence ‘carrying its attributes 
in its own being.’ They discarded the Aristotelian list of 
categories, rejecting eight of these as merely i‘tibarl 
(relative) subjective in the mind of the knower, and having 
no objective reality at all. They maintained only two — 
existence and attribute — as objectively real. And in 
some ol the Ash‘arites we find even attributes being 
reduced to purely subjective relations. 

Their theory of knowledge was an achievement which 
has made them the precursors of Berkeley and Kant, as 
we shall presently see. To answer the question, “ What a 
thing is ?’ they subjected to a searching criticism the Aristo- 
telian categories of thought, and arrived at the conclusion 
that bodies have no properties in themselves. They made* 
no distinction of Primary and Secondary qualities of a 
body and reduced all of them to purely subjective relations. 
Quality too became with them a mere accident without 
which the substance could not exist. They used the word 
substance or atom with a vague implication of externality; 
but their criticism reduced the Universe to a mere show of 
ordered subjectivities which, as they maintained like 
Berkeley, found their ultimate explanation in the will of 
God. In his examination of human knowledge regarded 
as a product and not merely a process, Kant stopped at 
the idea of ‘ Ding an sich,’ but the Ash‘arite endeavoured 
to penetrate further and maintained, against the contem- 
porary Agnostic Realism, that the so-called underlying 
essence existed only in so far as it was brought in relation 
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to the knowing subject. Thus, they reached a position 
whch maintained a perpetual annihilation and creation of 
atoms every moment. When a ball moved from one posi- 
tion to another, the atoms at every position are created and 
annihilated. 

The world consists of atoms on which the percipient 
mind projects the qualities that do not inhere in the 
thing. ‘ Against the Aristotelian theory that matter 
suffers the impress of form, he (the Ash'arite) argues that 
all impress is subjective in the mind; if all qualities fall 
out, substance itself ceases to exist; and so substance is 
not permanent but transitory, which opposes the 
Aristotelian doctrine of the eternity of matter.'-’ 

The views of the Ash'arite on the theory of causation 
are still more original and opposed to the Aristotelian 
conception. The immediate cause of all change, the 
Ash'arite holds, is God and there are no secondary causes. 
They deny any ordered law in nature and reject the theory 
of causation. Every phenomenon is caused by the will of 
God directly. Thus fire does not cause burning, but God 
creates a being burned when fire touches a body and the 
burning is directly caused by Him. Thus in the views of 
the Ash'arites with regard to the theory of causation, we 
find a gradation ultimately coming into a full-fledged 
scepticism. 

As to the problem of Free Will they tried to synthesize 
between the two opposing schools of thought — the orthodox 
and the nationalists (Mu’tazalites). The former held 
determinism and the latter libertarianism. The Ash‘arite 
tries to chalk out a middle path and to compromise between 
the two. God, he holds, creates power in man and gives 
him the choice, then He creates the act in correspondence 


Iqbal, Dev. Met, in Persia, pp. 7(X-71. 
1® O’Leary, Arabic Thought, p. 216. 
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with this power and choice. Thus the action is acquired 
by ‘ Kasb ’ (acquisition). 

Some of the later Ash'arites, notably Imam-al-Razi, 
however left this middle position, and perhaps eager to 
maintain the extreme position against the Mu’tazalites, up- 
held determinism and tried to support it most enthusiasti- 
cally. But we must remember that the position of the 
Ash'arites as a school of thought is neither free will 
nor determinism but a course midway between the 
two. 

The rise and growth of atomism in the Ash'arite 
system is a fair indication of a revolt against the Aristo- 
telian conception of a fixed Universe, The Quran says, 
‘ God adds to his creation whatever he Wills.’ Taking 
their inspiration, perhaps from this verse, they reached 
a position which is amazingly modern. The world, they 
hold, is formed of indivisible atoms, which are perpetually 
coming into existence, and thus the Universe is not fixed 
once for all. 

Time and Space. 

The Ash'arites hold that each atom occupies a 
position which does not involve space. That being so, 
what is the nature of motion which w'e cannot conceive 
except as the atoms ’ passage through space. Since the 
Ash'arites regarded space as generated by the aggregation 
of atoms, they could not explain movement as a body’s 
passage through all the points of space intervening 
between the point of its start and destination. Such an 
explanation must necessarily assume the existence of void 
as an independent reality. In order, therefore, to get 
over the difficulty of empty space, they resorted to the 
notion of ' Tafra ’ or jump; and imagined the discrete 
positions in space, as jumping over the void between one 
position and another. Thus according to these thinkers, 
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a quick motion and a slow motion possess the same speed ; 
but the latter has more points of rest. I confess I do 
not quite understand this solution of the difficulty. It 
may however be pointed out that modern atomism has 
found a similar difficulty and a similar solution has been 
suggested. In view of the experiments relating to 
Planck’s theory of Quanta, we cannot imagine the moving 
atom as continuously traversing its path in space. ' One 
of the most hopeful lines of explanations/ says Professor 
Whitehead in his Science and the Modern World, ‘is to 
assume that an electron does not continuously traverse its 
path in space. The alternative notion as to its existence 
is that it appears at a series of discrete positions in space 
which it occupies for successive durations of time. 
It is as though an automobile moving at the average 
of 30 miles an hour along a road did not traverse the 
road continuously, but appeared successively at the 
successive milestones remaining for two minutes at 
each milestone.’^ 

The Ash‘arite conception of time is just in accordance 
with their conception of space. Between every two 
moments of time they posited a void even as they did in 
the case of two positions of space. Apart from consider- 
ing how far the view is tenable, we may just see similar 
movements of thought in our modern science and give 
these early thinkers the credit of having reached a position 
towards which even modern science is inclined. 
“ Contrary to the ancient adage, Nature non facit saltm, 
it becomes apparent that the Universe varies by sudden 
jumps and not by imperceptible degrees. A physical 
system is capable of only a finite number of distinct states. 
Since between two different and immediately consecutive 
states, the world remains motionless, time is suspended, 


20 Iqbal, Reconstntction of Religiovs Thovght m Islam, p. 96. 
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SO that time itself is discontinuous : there is an atom of 
time.”®* 

Thus far, we have nearly considered all the main 
points of the Ash'arite system with special reference to 
Anti- Aristotelian tendencies. 


CHAPTER III 

Al-GhazzAlI and THE Later Ash'arites 

Al-Ghazzall stands out a unique personality among 
the long line of Islamic thinkers, as it was he that gave 
Islamic thought a flexibility which enhanced for it the 
possibilities of adapting itself to different trends of 
thought and yet maintaining its identity as such. There 
is a common opinion about Qhazzali, that by a refutation 
of falasifah he brought an end to philosophical speculation 
in the Islamic world. But the fact is just the opposite. 
He gives a new turn to the two main branches of Islamic 
thought — Theological Philosophy and Mysticism. His 
contribution towards the two, has introduced a new era in 
both. History of Sufism as well as of Kalam (Theological 
Philosophy) take a new turn with Al-Ghazzali. 

Before starting upon an investigation into the contri- 
bution he made towards the purging of Islamic thought 
from Aristotelian influences, we may briefly consider his 
life. A perusal of the life of Al-Qhazzali is more 
important than that of most other thinkers, for, as 
Macdonald says, ‘Al-Qhazzali’s theological position sprang 
directly from his spiritual experiences, so the best intro- 
duction to an understanding of that position is the study 


®* Bongier, ‘ Philosophy and Physics,’ (quoted in Reconstruc- 
tion of Religious Thought), p. 103. 
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(rf his life.’®* And the study of his life ia more interesting 
and useful on account of the fact that he has given his 
own biographical account in Al-Munqidh min al <jialal, 
which ‘ is essentially an Apologia pro vita sua, a defence 
of his life as a mystic against all his assailments, theolc^i- 
cal and philosophical, and in its autobiographic element 
may stand beside that of Newton.’*® 

He was born at fahiran, a town in the district of 
Tus in the year 450 A.H. Another tradition relates that 
he was born at Ghazalah. a village in the district of Xus. 
but this is not reliable as there is no such village in Xus. 

His father being no literate person was yet very 
anxious to educate his sons, and while in death-bed he 
entrusted both of his sons to a friend in order that he 
might see his way to get them educated. 

After the fashion of the age, he received his early 
education under theologians and studied Fiqh, with 
AJ^ad b. Muhammad Radhakami. Being a true seeker 
of learning he went from place to place seeking after 
authorities on different subjects till he found the celebrated 
Imam al JIaramayn, the well-known Ash'arite theologian 
of the age and soon won the favour of his teacher. It is 
related of his teacher that though he spoke of his promising 
pupil very highly, yet at heart he was jealous of his high 
attainments. But perhaps the fact is that this feeling 
on the part of the Imam was due to the independence of 
thought and a contempt for authorities based on too much 
of self-reliance.** 

Afterwards he went to Bagdad and was appointed 
as a lecturer in the Nizamiyyah Madrasah where he remain- 
ed till 488. 


^Journal of the American Oriental Society, Vol. XX, 
page. 73. 

Journal of American Oriental Society, Vol. XX, p. 74. 
Tabaqat al Shdfi’iya, Vol. IV, pp. 107-108. 
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All along his career as a lecturer he had been studying 
philosophy privately in order to understand his own 
position. 

In 488 A1 Ghazzali ‘ went to Syria and visited 
Jerusalem and left off teaching at Nizamiyyah, entrusting 
it to his brother, and gave himself to devotion and wore 
coarse clothing and ate poor food. And in this journey 
he composed the Ihya’-al-‘Ulum al Din and many people 
heard it from him in Damascus, and he returned to 
Baghdad after performing the pilgrimage in the following 
year and went to Khurasan.’^ i 

Thus he spent eleven years in philosophy, meditation 
and mystic practices, studying the positions of all the 
surrounding and prevalent sects. Having completed this 
period of life, he was for certain reasons compelled to 
re-start lecturing at the Nizamiyyah Madrasah, a job 
which was now thrust upon him against his own liking. 
However he did not continue long in this position and 
retired for the second time in 500 A.H. after the death of 
Nizam al Mulk.*” 

During the last 5 years of his life he busied himself 
with the study of Hadith.*’’ 

He died on Monday Jamadi al Thani 505 A.H.®* 

A study of the different systems of contemporary 
thought and his inquisitive disposition tended to generate 
in him a sceptic tendency. He began to doubt the self- 
evident and fundamental truths upon which the whole 
architecture of human knowledge stands and much like 
Descartes, the father of modem philosophy, subjected 
these to a critical search. His Ihya’ al ‘ Ulum ‘ has so 
remarkable a resemblance to the ‘ Discourse sur la methode ’ 

® Ibn al Athir, Vol. X, p. 104. 

*• Shark Ihya al Ulum, p. 19. 

^ Subki. Tabaqat, Vol. IV, p. 109. 

2* Ibid., p.^ 110, 
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of Descartes, that had any translation of it existed in the 
days of Descartes, every one would have cried against the 
plagiarism.*® He anticipated Descartes, and in the words 
of Macdonald, ‘ Seven hundred years before Hume cut the 
bond of causality with the edge of his dialectic.’®* 

He was brought up in childhood under the care of 
a mystic and educated later on by the Ash'arite doctors of 
theology. The two threads thus ran together and we find 
that in the legacy of thought left by him the two are 
interwoven. Legally speaking, he was an Ash'arite, but a 
man of genius like him could not blindly follow a creed 
in all its essentials. He gave a new turn to the A'sh'arite 
system by introducing elements of Sufism into it, and the 
same to Sufism by bringing it under a scientific system. 
He synthesized the two in such a perfect harmony that 
since then they have retained the interfusion and do yet 
retain. 

The spiritual unrest which goaded him at every 
moment of his life, was changed at last into a sort of 
quietism and he found the ultimate solace in mysticism. 

Till now the ultimate principle in Islamic thought 
had been intellectualism as opposed to Intuitionism. No 
doubt there had been Sufis, but they were not philosophers. 
It was Al-Ghazzall who for the first time in the history 
of Islamic thought attempted to prove the superiority of 
the intuitive over the purely intellectual mode of knowledge. 

The different stages in his life reveal the fact that 
he was never at rest with any position till he came to 
mysticism. Dissatisfied with the crude and blind faith 
of the orthodox, he began studying philosophy and com- 
posed a book entitled ‘ Maqasid al Falsifah.’ But again 
dissatisfied with the position reached, he began refuting 


* Lewi’s History of Philosophy, Vol. H, p. 60. 

3* Journal of the American, Oriental Society, Vol. XX, p. 103. 
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the doctrines exposed there and wrote Tahafat al 
Falsifah (a refutation of the falsifah) from the Aish'arite 
point of view. Still dissatisfied with the Ash'arite position, 
which he held as most indispensable for the multitude but 
not fitted for a thinker, he took to mysticism. 

Season, till now was the best and most reliable instru- 
ment for acquiring sure knowledge but with Al-Ghazzali. 
intuition and revelation got the upper hand. Philosophy 
was subordinated to mystic experience. He posited 
gradations of religion in proportion to the intellectual and 
spiritual development of man. For the masses, religion 
as a blind acceptance without demanding a rationale of it, 
for the intellectually more developed it was religion as 
revealed, but capable of being tested and justified on 
rational principles. For the initiated Sufi — face to face 
with reality — no rational justification was required for the 
verities experienced by him. 

Post-Ghazzalian Ash'arites 

Among the post-Ghazzalian Ash'arites only three 
names stand out most prominent, — those of Muhammad b. 
’Abdal Karim al ShahrastanI, Fakhral Din al Razi, and 
Saif al Din Amidi. Shahrastani was born in 479 A.H., 
studied Fiqh, Usui and Kalam and went to BaghdSd in 510 
A.H. where he was highly welcomed. He is the author of 
several books — ^Nihayat al Aqdam fi’l ‘Ilm al Kalhm, Al 
Manahij wa’l bayan, Talkhisal Aqsam li madh&hib al 
anam, but the composition which has immortalised his 
name is ‘ kitab-al-milal wa’l nihal ’ in two volumes. This 
is an indespensable book for any student of Islamic 
philosophy, but is expository rather than critical.’* There 
is little by way of original contribution to Anti-Aristotelian 


’* For a full account see Tahaqat al Shafi’fya & /6n-t- 
Khallikan. 
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thought which may bring him any credit. Being staunch 
Ash'arite and a student of philosophy he takes up the 
position of his school reached by now and gives his own 
justification for the same. 

The next personality is that of Imam Fakhr-al-Din 
Razi, born 29 years after the death of AlGhazzalT. He is 
one of the greatest personalities of Islam, yet about his 
philosophical merits there is a difference of opinion. The 
reaction that had begun with Al-Ash‘arl and had developed 
itself into a regular revolt by the time of Ghazzall, found 
a strong hand in Bazi. 

Being one of the most learned theologians Islam has 
ever produced, and a scholar of Philosophy as well, he 
undertook to refute the Mu’tazalite's and the falasifah’s 
position so vehemently as even sometimes going out of the 
creeds of his own school. He tried to refute the position of 
the followers of Aristotle to such an extent that if he did 
not deny the truth of the conclusion, he at least attempted 
to expose the weakness and untenability of the processes 
of reasoning adopted by them. He was strongly opposed 
by Muhaqqiq Tusi and Baqar Damad who upheld the 
Mu’tazalite views.*® 

It is noteworthy about him to mention that in his zeal 
for refuting the Aristotelians at every point he swang to the 
Pre-Ash’arite orthodox view of Determinism. He gave up 
the notion of ‘ acquisition ’ or kasb** invented by the earlier 
Ash'arites in order to chalk out a path midway between 
Libertarianism and Determinism. 

His work, however, is the best defence of orthodox 
theology of Islam on philosophical grounds and with him 
the line of eminent Ash'arite thinkers practically comes 
to a close. 


** SMbli, Al KaJSm, p. 71. 
33 Ibid., 72. 



AKtl-AlUStOfeLlAK THlI^^RS OF ISLAM 


111 


Out of the numerous books he wrote, Ma^ib-al 
‘ Aliyah, Mhayat al ‘ Uqfil, Arba’In fi usul al; Kn, 
Muh^l, Albay^ wa‘l Burhan, Mabahith-i-Mashriqlyyah, 
Tahdhib al Dala'il, Tasis al Taqdis, Irshad al Nazar ila 
Lataif al asrar, Ajubat al masa’il al Najjarriya fi shar^ 
Asmai’ Ilahi-wa’l safat, kitab al Qada wa’l qadr, Ta’jiz 
al Falasifah, ‘Asmat al Anbiya’, kitabal khalq wal ba’^, 
khamsin fi ‘usul al Din, Sharh Isharat and Mabafiith 
Mashriqiyya are more renowned. He is best known for his 
most voluminous commentary of the Qur’an entitled Tafsir- 
i-kabir.®* 

Then we come to Al-’Amidi with whom the line of the 
Ash'arite thinkers comes to to an end and after whom we 
find men like Taftazani and Adud al Din taking up the 
refutation of Aristotelian thought and defending the 
Ash'arite views but without any thing characteristic of 
their own. 

Amidi^ was born in 551 A.H. and took his early 
education in Fiqh and Usul at Baghdad and in Philosophy 
in Syria. In his works, we do not find a blind acceptance 
of the hitherto reached Ash'arite position. He sometimes 
criticizes the position of the earlier Ash'arites and holds 
his own against them, yet there is no such improvement 
upon the general Ash'arite position as to deserve a detailed 
consideration. He refutes Aristotelianism in his own way 
and most freely. Three of his books are well known : 
Daqa’iq al Haqa’iq, Rumuz al Kunuz, and Abkar al 
Afkar. 


34 For a fuller account see Lisan al Mizan, Aksir fi,' Usul al 
Tafsir, Dhahbi’s Mizan, I hn-i-Khallikan and fabaqat al 
Afibba.’ 

3* For a fuller account see Tabaqdt ail Afibbd, J'abttqdt eU 
Shdfi’lyyah and Ibn Khallikdn. 
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CHAPTER IV 

The Zahirites’ — Ibn Hazm & Ibn-i-Tayimiyah^® 

With the exception of the solitary figure of Ibn Hazm 
we do not find any body in Spain taking seriously to a philo- 
sophical defence of Muslim Theology till the beginning of 
the 6th century A.H. when Ibn-i-Tumart, the famous dis- 
ciple of al-Qjbazzali popularized the view of his teacher. 
The reason for this has been given by Ibn-i-p[azm himself 
in a tract in praise of Spain, wherein he says “ As there 
are not different sects in our country, and neither contro- 
versies are held on religious dogmas, so al Kalam does not 
flourish here as other subjects do. However, some 
Mu’tazalites, e.g., Khalil b. Isfiaq, Yehya b. Al Samaniy- 
yah, Musa and Abmad have written certain books on this 
subject. I myself have written several books in defence of 
my traditionistic views.”®’ 

Ibn-^azm was born at Cordova in 384 A.H. and 
received his early education in Fiqh and Hadith, and after- 
wards studied philosophy with Muhammad b. Hasan 
Kanani, unlike his fellow countrymen, as it was not safe in 
those days to study philosophy in Spain. But Ibn Hazm 
did not care about it and learnt, to his satisfaction, logic 
and metaphysics with great interest. 

His works have been enumerated, perhaps exaggerated, 
by some as totalling to about 400 containing 80,000 pages. 
He is best known through his celebrated work Al fa§l fiT 
milal wa’l ahwa’ wa’l nihal, wherein he* has given an 
exposition as well as a criticism of the creeds of the Christ- 
ians, Naturalists, Magians and Falasifah (Aristotelian 

®® Under the heading Zahirite, Ibn Tayimiyah ought not to have 
legally been included, but I believe it was the legacy of this school 
which he carried to its extreme. 

®’ Nafhal Tib., p. 120. 
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Thinkers) . This is a very valuable work and, like Shah- 
rastani’s Milal wa’l Nihal, is indispensable as a history 
of Islamic thought. Yet it stands unique in respect of the 
fact that it gives a criticism as well as an exposition of all 
contemporary views on theology and philosophy. 

Ibn-i-Taimiyah, a great figure in the Post-Ghazzalian 
development of Islamic Thought, was born in 661 A.H. 
at Harran. A man of thoroughly independent views he 
rejected Taqlld and declined to follow any of the four re- 
cognised schools of Fiqh. It was, however, the legacy left by 
Da’ud Zahiri and Ibn Hazm that influenced him most. 
A man of great talents and energies, he devoted himself to 
the task of freeing Islam from all non-Islamic influences 
and restoring it the pristine simplicity of its early days. 
As a part of this wider work, he took upon himself the 
refutation of falasifah (Aristotelians) which he very well 
did, at least in so far as Greek logic is concerned. Al- 
Radd’ala al Man^iq is one of the greatest contributions 
towards Anti- Aristotelian Thought in Islam.®* His 
writings amount to about 8,000 pages which give a life 
average of about 40 pages a day. 

We should however confine ourselves to an examination 
of some of the books written in refutation of falasifah. He 
writes in Kitabal ’Aql wal Naql as follows: — 

The Aristotelians are blind followers of Aristotle, 
imitating him in whatever he said on physics, Ic^ic and 
metaphysics. Some of them know by their discretion that 
Aristotle is absolutely on the wrong way; but merely on 
account of a high regard for him, never care to oppose 
him, though many thinkers have proved beyond doubt that 


38 The book has not yet been printed. Manuscript copies of 
it are to be found in the Baral Musannlfin A’zamgarh, Nadwatul 
‘Ulema* Lucknow, Hyderabad and Sind libraries. 

F. 15 
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Aristotelian logic contains indefensible mistakes.® Fur- 
ther he says ; — 

There is no end to the differences of opinion among 
the falasifah themselves. . . . Abu Bakar. BaqilanI, 
in his Kitab al Daqa’iq, has quoted some of these and 
refuted the falasifah. . . . He (Baqilani) has perferred 
the logic of the ’Arab Mutakallimln to that of Aristotle. 
Likewise, the Mu’tazalite and the Shi’ite Mutakallimln 
have refuted the positions of many of these falasifah 
. . . . Ghazzali has refuted this system in Tahafat 
al falasifah, after giving an exposition of the same in 
Maqasid al Falasifah. . . Abu’l Barakat, the author of 
Kitab al Mu’tabar, also criticizes this system in his 
book. . . RazI and ’Amidi, as well, criticize the views of 
the Peripatetics. Even Ibn Sina at certain places refutes 
the Aristotelian system and in the Shifa' he writes that he 
has given his own position in Al-Hikmat al Mashriqiyyh. 
Suharwardi has done the same in his Hikmat al Ishraq ^ 
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THE ROLE OF REASONING IN ADVAITA 
PHILOSOPHY 

BT 

A. C. MUKERJI, Reader, 

Philosophy Department, Allahahad University. 

An implicit faith in Eevelation with its consequent 
distrust of independent thought, it is well known, is claimed 
to be the privilege of the orthodox systems of Indian 
philosophy in general and of the Vedanta school in parti- 
cular. Historically, this condemnation of reasoning or 
tarka is at least as old as the Upanisads which, as is 
particularly evident from the well-known verse of the 
Kathopanisad, placed the ultimate reality entirely beyond 
the ambit of reasoning and argumentation. Sankara’s 
distinction between Reality regarded from the paramdr- 
thika or eternal standpoint and Reality as it is for the 
human finite understanding — a distinction which is 
essentially a reproduction of the Buddhistic distinction of 
paramdrtha or farinispanna knowledge from what is 
merely lokasamvrtisatya or paratantra — breathes the self- 
same agnostic attitude that limits the powers of human 
thinking and other faculties of knowledge to the world of 
ordinary experience alone. The Absolute, it is reiterated 
in diverse contexts, is unknowable and unthinkable and is 
purely §ahdamula and iabdaprarndyMka; and Sankara, 
far from considering it as an unphilosophical attitude, 
declares irrational reliance on Revelation to be at the root 
of the evidential superiority of his own position to the 
rationalistic systems of philosophy.* 

* V ed&ntavakyanamaidam/paryam nirupayiturii iOfStrajh 
pmvfttam na tarhaJdstravat kevaldbhiryuktibhilf, kaUcitsiddhdnkMh 
sadhayitum dufayitttm va pmwftowi-— S.B. II. 2. 1. 



118 


THK ALLAHABAD UNIVERSITY STUDIES 


So far Sankara’s position ia analogous to modern 
agnosticism, such as is illustrated in the systems of Kant 
and Spencer, which restricts human knowledge without 
questioning its objective validity within the world of 
ordinary experience investigated by science. Kant, for 
instance, despite his limitation of scientific knowledge to 
the phenomenal world, vindicated the claims of science, 
against the sceptical conclusions of Hume, to offer universal 
and necessary truth. Sankara, however, has also a 
sceptical tendency, and his misology, when judged in the 
light of some of his express statements, knows no bounds. 
The instability of reasoned knowledge, according to 
them, is not due to the pretension of reason to step beyond 
the limits of the phenomenal world; it is, on the contrary, 
inherent in the very nature of human reason. Reasoning, 
in so far as it is independent of traditional authority 
{niragarm), has nothing to check its immethodical desul 
toriness, and, consequently, a reasoned conclusion, howso- 
ever carefully obtained, cannot be placed above the risk of 
refutation by a more powerful dialectician. The defect, 
it is said, is inherent in human reason which is different 
for different men {furv^amativairw'pyat), and it vitiates 
all conclusions obtained through independent thinking.** 
The obvious objection to this unqualified condemnation 
of all reasoned knowledge, as he sees clearly, is that the very 
instability of reasoning has to be established on the basis 
of reasoning itself. The second objection which he 


® Utprek^amatranibandhandstarka apratisthitA bhavanti— 
S. B. II. 1. 11. This universal scepticism in regard to the efficiency 
of independent reasoning is more pronounced in Sankara’s 
commentary on the Eathakopanisad I. 2. 8, where private judgment 
is condemned as vitiated reasoning or kutarka without a particle 
of stability in respect of any object of enquiry. In the S. B., 
however, Sankara appears to shudder at his own shadow and dis- 
covers that universal scepticism refutes itself. 
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anticipates is that universal scepticism would make life 
impossible which is based on our ability to infer the future 
behaviours of things. Thirdly, the real meaning of the 
Scripture which is to sit in judgment upon reasoned know- 
ledge has to be collected out of the evidently contradictory 
statements of the Scripture and this itself requires reason- 
ing. Lastly, it is not reasonable to infer the instability of 
reasoning from the different conclusions so far attained, 
for, the fallacies of the earlier generations may be removed 
by the more careful reasoning of a later age. Out of these 
possible objections to the theory of universal scepticism, 
the first and the third are evidently of a formidable charac- 
ter, and their formidableness is appreciated by Sankara 
himself who hastens, in reply, to acknowledge the finality 
of reasoning in certain cases only. And then in place of a 
universal scepticism which dominates his imagination, he 
contents himself with a modified agnosticism of some sort. 
This, however, does not turn the point of criticism. When 
the question is one of reconciling universal scepticism with 
itself, it is no answer to say that reason sheds unfaltering 
light on certain topics. And, similarly, when the problem 
is to ascertain how, if no reasoning has an independent 
authority, a particular interpretation of the scriptural 
statements represents their real, as distinct from the 
apparent, meaning, it is idle to refer to an imaginary 
consensus of opinions of all interpreters. If the Veda is 
the source of right knowledge, and if the consensus of 
opinions, of all rationalists who have ever sought to interpret 
the Veda be regarded as sufficient for understanding its 
real meaning, then certainly right knowledge is unattain- 
able even by Sankara whose interpretation has not stood 
the test he himself offers for dis.tinguishing the perfect 
knowledge from the imperfect. The consensus of opinions 
being itself the point at issue, it cannUt be appealed to in 
vindication of the scriptural authority. The Scriptures 
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may shine in their own light as Sankara would have his 
readers believe; but in what particular light they will 
shine upon a particular interpreter depends largely on the 
inner light which he brings with himself. 

Though, however, Sankara has failed to justify the 
validity of his own interpretation of the Scriptures, his 
condemnation of the human faculties of knowledge, when 
viewed in the light of some of his expressed opinions, 
continues steady and undisturbed throughout his exposi- 
tion. The Absolute, it is said, is too deep for our faculties 
and, consequently, falls beyond their scope, and reasoning 
in respect of the Absolute must, therefore, be conducted 
under the control of the Scriptures. So far, then, there 
seems to be ample justification for the opinion, widely 
shared by the exponents and critics of Sankara, that 
“ Sankara’s apparent abdication of private judgment, his 
reliance on instruction imparted by another, and his 
abhorrence of unfettered thought, are disconcertingly sug- 
gestive of the narrowness of European medieval philosophy, 
and seem to place a deep chasm between Vedantic and 
modern speculation.”^ This opinion has been expressed 
almost in an epigrammatic style by another accomplished 
scholar of our time who remarks that Sankara “ does not 
accept the authority of logic as a means of congnising the 
Absolute, but he deems it a privilege of the Vedanta to fare 
without logic since he has Revelation to fall back upon.”'' 

There is, however, another side of the shield. While 
professing an undiluted abhorrence of pure reason, Sankara 
does not fail to cut out by-paths for lettin'g in the light of 
reason; and the result is that his philosophy, far from 
reducing itself to a mere catalogue of dogmas, has the 

3 Principal W. S. Urquhart, The Vedanta and Modern 
Thought, p. 78. 

* Dr. T. Stcherbatsky, The Conception of Buddhist Nirv&na, 

p. 38. 
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appearance of a finished product of rational insight and 
careful observation. It is but rarely that he rests content 
with quoting authority, and when a vital point is at stake 
he plays the rationalist with such an exquisite thorough- 
ness and skill that his scholastic reverence for the Vedas 
threatens to pale into a mere lip-homage to an authority 
which cannot be openly disobeyed. This rational founda- 
tion of the Vedanta thought has been rightly discovered by 
P. Deussen who, while noting that the Vedanta helps 
itself out of the difficulties arising from its condemnation 
of the secular canons of knowledge “ by the shortcut of 
substituting a theological for the philosophical means of 
knowledge,’’^ sees at the same time that Sankara “ makes a 
far more extensive use ” of philosophic reflection as an aid 
than might appear from his anti-rational expressions, and 
that its perfection in this respect may itself speak for 
the fact that we have to do here with a monument of Indian 
antiquity not merely theological, but also in the highest 
degree philosophical.”^ That Sankara’s profound respect 
for the Vedas has not successfully silenced the voice of 
Reason is indirectly admitted even by Dr. Stcherbatsky 
who while complaining of his negative attitude to logic 
proceeds in the same context to emphasize Sankara’s 
accusation of the Madhyamika on the ground that the 
latter disregards all logic. Sankara, it is said, treats the 
Madhyamika with great contempt for his denial of “the 
possibility of cognising the Absolute by logical methods.’' 

It is true that he frequently anathematizes unfettered 
and unbiassed reasoning. Rational disquisitions, acx^ord- 
ing to him, require the moderating influence of Revelation 
to conduct them to the Absolute Truth. The resll founda- 
tion of his misology, however, does not seem to be an 


^ The System of the Vedanta, p. 90. 

® Ihid,, p. 96. 

F. 16 
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inherent distrust of Reason, though some of his expressions, 
as we have admitted above, lend countenance to an 
audacious outspoken scepticism. Paradoxical as it may 
appear, Sankara’s distrust of pure reason has its moorings 
in a profound love of reason. The self-fulfilment of reason 
is not to be found in immethodical and desultory argument- 
ations. based upon individual idiosyncrasies; reasoning, 
when pursued on no better ground than the satisfaction of 
a solitary impulse or the desire for intellectual victory, 
leads to no definite conclus.ion. The test of true reasoning, 
on the other hand, is the unity of result in which the 
process terminates; it is the universality and necessity of 
the conclusion which provides the surest criterion of good 
reasoning. As the Scripture stands this test of unity 
and universality, as it is in this sense objective reason 
writ large, all individual rational proce.sses must be 
conducted under the guidance of Revelation. 

That this is the real intention of Sankara’s denuncia- 
tion of reasoned knowledge seems to be evident from a 
number of considerations. The apparent anomalies and 
conflicts of the scriptural texts, according to him. are not 
devoid of a unity of significance ; nor do they really contra- 
dict tradition {smrti) or reason {nyaya) when the latter 
are rightly conceived. Hence, a considerable space {viz., 
Chapter II, Part 1) is devoted to the removal of apparent 
contradictions between Revelation on the one hand and 
smrti and nyaya on the other. If reasoning had been 
altogether subversive of Revelation or vice versa, there 
could arise no question of their reconciliation ; and in that 
case, Sankara, like the Latin Fathers such as Tertullian 
and Arnobius, would unhesitatingly adopt the sceptical 
doctrine of Credo quia ahsurdum. But, far from avoiding 
all contact with reasoning and discussions, every objection 
to Revelation on the ground of reasoning and ordinary 
experience is carefully discussed In order to exhibit its 
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hollowness. All such objections are supposed to be due to 
errors of judgment or misinterpretations of experience; 
and consequently they are found to have no force when 
these errors and misinterpretations are avoided.’ What 
is condemned, therefore, is, not any and every type of 
reasoned knowledge, but purposeless dry hair-splitting 
{suskatarka or kuta/rka) which leads to no definite conclu- 
sion. That is, it is not Reason as such, but the misuse of 
the reasoning faculty, which misses the truth; but as it is 
extremely difficult to steer clear of the infinite sources of 
error in our reasoning processes, and as it is not always 
easy to detect the logical aberi-ations in the arguments of 
an accomplished dialectician, the agreement of our reasoned 
conclusions with the Scripture provides the safest criterion 
for us that we are not so far off the right track. 

Saiikara’s respect for independent reasoning is 
perhaps nowhere more pronounced than in the tarkapdda 
of his Commentary. None who is entirely sceptical of the 
efficiency and finality of reasoned knowledge would care for 
a reasoned refutation of the arguments offered in support 
of rival theories. And Saiikara has no doubt in his mind 
that all arguments that have ever been advanced for 
building up non-monistic theories of the universe are but 
pseudo-arguments and that their fallacies can be detected, 
not only by the disparity existing between their conclu- 
sions and Revelation, but also by a more carefully conducted 
reasoning independent of Revelation.^ It is easy to guess 
that a consistent sceptic cannot pronounce an anathema 
on all reasoning processes while himself claiming finality 
for his reasoned refutation of the rival theories, es.pecially 


'5' NdH'iisitiadlyc ktiicidaisdtnaTi'jasyanuisti — S.B. II. 

1—9. 

8 lha tv vdkyanirapehitah s mtnntT(isfadyuktiprati§edhah 
kriyate, — II. 2. 1. 
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when this refutation is undertaken independently Of 
Revelation. Sankara himself, in acknowledging the need 
for a reasoned refutation of the non-monistic systems, 
admits the distinction between false exposition {vydkhyd- 
ndbhdsa) and true exposition (samyagvydkhydnu), thus 
implying a similar distinction between pseudo-reasoning 
and true reasoning. 

It is, however, surprising that while insisting on the 
unknowability of the Absolute in the light of the human 
faculties of knowledge, !§ahkara has also the tendency to 
acquiesce in an unrestricted application of reasoning to all 
spheres of reality including the Absolute. This tendency 
is particularly prominent in his exposition of the Brh. 
IJ'panisad. The Yajflavalkyya-kanda is said to be pre- 
eminently argumentative in character {tarkcupradhdna) as 
distinct from the Madhu-kanda, and the Absolute is saip- 
posed to be reasoned out {vddena vicdritam) on the ground 
that the knowledge of the Self which leads to immortality 
can also be attained through arguments.® Such passages 
are in evident conflict with those which breathe the agnostic 
tendency of Sankara’s epistemology. It may be suggested 
that even here Sankara has in mind, not independent 
reasoning, but arguments under the control of Revelation 
{hntyanugrhlta tarka). But such a suggestion would 
hardly fit into the contexts in which the passages occur. 

If, however, Sankara’s epistemolc^ is to be worked 
out of the general spirit, as distinct from the ipsissima 
verba, of his contentions, it must be characterised, not as 
rationalism such as is represented hy Leibnitz or Hegel, 
but as agnosticism of the type which is the result of Kant’s 
Critique of Pure Reason. What, however, appears to 

Tad'^va tarkendijyamrtatvasadfianam MiMinnyasamdtTimjndTiarh 
(idhigamifate, Cp. also Com. on Gemdapada Kdrikd III. 1., 
where it is said that the Absolute <*aii be known even through argu- 
ments {Myate tarhendpi jfidHim). 
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need emphasis is that Sankara’s repudiation of rationalism 
or panlogism does not militate against his respect for 
leason, and it would be perhaps no exaggeration to say 
that his implicit faith in Eevelation would not allow any 
ultra-rational pronouncement to over-ride the results of 
carefully tested observations or of reflective judgments. 
While waxing eloquent on the unthinkability of the 
Absolute which is supposed to be too deep for human 
faculties of knowledge, he leaves at the same time a wide 
scope for independent thinking and observation. 

That a strong under-current of free thought flowed 
beneath Saiikara’s scholastic reverence for the Holy Writ 
is also evident from some of his momentous observations on 
the limits, of the Scriptures. He agrees that even the holy 
texts cannot make us understand what is contradictory 
and, consequently, proceeds to remove the apparent contra- 
dictions with regard to the nature of the Absolute. “ The 
Sastra, it is said elsewhere, is not out for changing the 
nature of things, its real function is to make known the 
true nature of what is not known ; fire will not be cool, nor 
will the sun cease to burn, even if the Scripture reiterates 
such examples a hundred times." And the reason why 
such examples are ineffectual for knowledge is said to be 
the contrary testimony of other sources of knowledge. 
{Pramdndntarendnyathadhigatatvdt vastunah.) If this 
line of thought is developed to its lexical consequences, 
Sankara’s position may be called agnosticism which accepts 


Sahdeiiupi nti iakyate I'iriuldho'rthaJi prutydyayituiii — 

II. 1. 27. 

" Na siUtram padarthan anyathdkartum pravfttam kith tarhi 
yathdbhatandmajhatdnuih jhdpave . . . nah yaynih Mta ddityo na 
tapatiti vd dfs^iUiiatendpi pratipddayitvm sakyarh — Com. on the 
Jirhad. Up. II. 1. ('ompare also nahi vacattam vastuto’nyathd- 
karane eydpi-iynte kim tarhi yathdhhntdrtharadyotnne — Com. on 
praSnopani^ad, VI. 2. 
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the validity of human knowledge within certain limits 
only, as distinct from scepticism that questions the general 
validity of knowledge. The Absolute, then, is unknowable 
except on the basis of the Scripture, not because our know- 
ledge is inherently defective, but because the Absolute is 
supersensuous {atlndriya). Each source of knowledge has 
its own sphere of application; contradictions arise only 
when the canons of knowledge are misapplied beyond their 
respective fields. This aspect of Sankara’s theory of 
knowledge is emphasised by Sureslvara and Vacaspati. 
The different sources of knowledge, it is said, do not con- 
flict with one another as they pertain to different objects; 
each is valid within its proper field ; but when two conflict- 
ing judgments are made about the same object, one of them 
must be false. It would be absurd, it is continued, to 
urge that the right canons of knowledge can contradict 
each other, because the testimony of a particular source of 
knowledge can neither be refuted nor corroborated by that 
of another, much as it is absurd to argue that this is not a 
sound on the ground that I see only a colour.’’ 

Enough perhaps has been said to show that tiaiikara, 
if he is taken literally, has as many as three distinct ten- 
dencies in his epistemology, which may be respectively 
called scepticism, rationalism and agnosticism. When, 
however, we refuse to run away with isolated passages in 
which these conflicting theories are supported, when, that 
is, his position is considered as a whole, it is predominantly 
an agnostic theory of knowledge which is defended by 


.V« prtimainam sat pramanuntareiiii ririi(Uij/(ite — 

.\'atfkarmy<isiddlU, III. 96. 

13 Ni'iynm .iahdah kvto yasniat rupam pcdyanii cakfU^a, iti 
yadvat tathai ri'iyarh mrodho’ksajavakyayoh — Loc. dt. III. 84. This 
is clearly indicated even by Sankara when he says ; im ca pram&nmn 
pramanantaretja virudhyate, pramaniintamvisaynrneva hi 
pramanuntaKirii jhapayati—Com. on Bfh.. Up. ll. 1. 
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Sankara. In this regard, the method of the Advaita 
school offers a strong contrast with that of Buddhistic 
monism. In the second period of Buddhistic philosophy, 
when monistic systems replaced the radical pluralism of 
the first period, the dharmas including the skandhas, 
dyatanas and dhatus were reduced to mere shadowy 
existences. And as these alone were supposed to consti- 
tute the phenomenal world of ordinary experience, it was 
condemned as a mere samvrti-xatya , as distinct from the 
non-relational Absolute revealed in mystic intuitions 
alone. But the nemesis of universal scepticism or un- 
qualified relativism worked itself out when the Absolute 
Reality also reduced itself to the status of the dependent 
or relative reality. Buddhistic philosophy, however, 
assumed a saner attitude to reasoned knowledge at the 
hands of Dihnaga and Dharmakirti who replaced the 
universal scepticism of Nagarjuna and Candrakirti by a 
sort of modified rationalism. 

The germ of scepticism, as we have seen above, was 
not altogether absent from ^iaiikara’s. position, though it 
did not develop into a full-fledged theory at his hands. 
But the dialectic method of the Buddhist thinkers provided 
an attractive weapon for the followers of Sankara who 
lost no time or energy in applying it in the interest of 
absolute monism. Hence, as early as the beginning of the 
ninth century Mandana Mi^ra sought to expose the self- 
contradictory nature of the concept of difference in his 
lirnhmasiddhi, and the dialectic was subsequently applied 
to all the categories of thought by Sriharsa, Citsukha and 
other distinguished thinkers of the Advaita school. Thus, 
the inchoate scepticism of Sankara developed into an un- 
qualified misology at the hands of his followers; and the 
Advaita dialecticians, like Sriharsa and Anandajftana, in- 
stead of limiting the validity of human faculties of know- 
ledge to the phenomenal world, paved the way to universal 
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scepticism by a negative criticism of every category of 
thought. A similar degeneration of the Hegelian criticism 
of categories is illustrated by Bradley's Airpearame and 
Reality. A category, for Hegel, is no doubt self-discre- 
pant, but this is due to its forced abstraction from the 
higher category in which the inconsistencies of the lower 
category are reconciled. For Bradley, on the other hand, 
every category of knowledge can give us only appearance, 
and in this regard, one category is as bad as another. It 
does not, therefore, appear to be altogether true that there 
is great “ family likeness between the dialectical method 
of Hegel and Nagarjuna’s dialectics,”’'* if this is meant to 
deny the important difference between the immanent criti- 
cism of the categories which alone is recommended by 
Hegel and the purely negative criticism undertaken by the 
Buddhist and the Advaita dialecticians. The result of 
this negative criticism is that the Dharmakaya of 
Nagarjuna, the Brahman of Sriharsa and the Absolute of 
Bradley, far from being the crowning phase of man’s 
search for absolute truth, are simply shot out of a pistol. 

For Sankara, on the other hand, thought or intellectual 
interpretation of experience, far from being a useless 
superfluity, represents an indispensable stage of discipline 
leading to the highest type of experience in which the 
Absolute Reality stands self-revealed. It is tnie that the 
Absolute, for him, transcends the powers of discursive 
thought, and, consequently, our faculties of knowledge are 
inherently incapable of giving us the highest truth; but 
inasmuch as the path to the highest experience lies across 
the region of discursive thought, a rigorous exercise of 
intellect must precede that experience. The Absolute, 
therefore, is not to be realised through mere .scriptural 
texts, nor is the scrupulous exercise of reason a blasphem- 


Dr, T. Stcherbatsky, Nirvana, p. 63. 
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ous deviation from the path of God.**^ Each step of the 
threefold discipline has its proper function which cannot 
be performed by another. Consequently, the expression of 
the Highest Reality in the relational form of discursive 
thought has the useful function of stimulating thought to 
go beyond itself. This aspect of Sankara’s epistemology 
requires more emphasis than it has so far received at the 
hands of his exponents and critics. 


1* Asau d/rf^o bhavati Srava^nianaitanididhydsemeisadhanaih 
. . . n&nyatha Sravaijnmdtrena — Com. on the Brh. Up. IT. 
2. 5. Cp. Aparobsdnvhhuti : — Notpadyate vina jndnam. 
vicdrendnycuddhanaify. 
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AUTHOR’S NOTE 

The isolated researches on Industrial Accidents and Fatigue 
by scientific workers in England and the United States and by a 
number of Italian physiologists, need to be co-ordinated in a 
systematic study, before they can be properly appreciated and 
utilised by industries and labour welfare workers. I, therefore, 
hope that this humble attempt at a brief and popular presentation 
of a highly technical subj|ect touching alike the borderlands of 
Economics, Physiology and Psychology, will receive some encour- 
agement from competent scholars, as well as the public. 

I have not been able to give this a more coherent shape due 
to other pressing engagements. I have tried to make full 
acknowledgments as far as possible; and for any omissions, I 
request the indulgence of authors and publishers concerned. I 
hope to bring out in due course a more comprehensive treatise 
when I shall remove any shortcomings of the present Edition. 

I am under deep obligation to my esteemed teachers, 
Professor C. D. Thompson and Mr. 8. K. Rudra, M.A. (Cantab.), 
to the latter in a very marked degree, for their kindly guidance 
and helpful criticism throughout my Research Study. To 
Prof. Thompson, I am particularly indebted for his extensive final 
revision of the Manuscript and graphical illustrations. 


Economics Department, 

Allahabad University. H , L, SRIVA^TAVA. 

March, 1938. 
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I. INDUSTRIAL LIFE : A PRELIMINARY 
SURVEY 


Three main 
factors in industry. 


A modern industrial undertaking is a complex pheno- 
menon, and presents problems as complicated as the human 
organism itself. There are three main 
factors in an industry — the work, the 
worker and the environment. These 
three cannot be considered in isolation, as they are 
very inextricably interrelated and naturally react on one 
another. Therefore no study of industrial relations or 
industrial “ machinery ” — if we may use the term to 
indicate the whole industrial process. — can be fruitful if 
we do not have in mind this complex nature of the 
phenomena we are studying. 

With the growth of modern industrial technique and 
a very wide awakening of working-class consciousness in 
all parts of the world, so many new 
factors, ideas, instincts and impulses 
are coming in conflict with one another in industrial 
life, that the immensity of apparently simple problems 
connected with industrial labour, must be a challenge 
to the dogmatism of any scientific student. The study 
of the human factor in industry is assuming greater 
importance every day. There are so many tendencies and 
instincts which are competing for a powerful play in indus- 
trial activity — the instinct of self-assertion and workman- 
ship, the “ aggressive impulse,” and the “ instinct of 
escape,” inner conflict and repression — all of which 
materially influence the output and the efficiency of the 
worker. “ Industrial relations,” as Dr. Drever points 
out, “ depend essentially on the interests, impulses, 
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sentiments and passions of human beings and these in 
relation to a mechanical environment in the factory and 
the workshop “ present a complexity which may in certain 
aspects be both mechanical and organic, but is also 
spiritual — spiritual in the sense that they touch the 
deepest springs of human thought and action. 

A thorough study of the problems of Labour Welfare 
or Organisation calls for information on a variety of sub- 

importance of jects-Psychology, Physiology, Econo- 

Fatigue study in mics and various Social Sciences, and 

Labour Economics. i i • 

also something of Mechanics and 
Engineering. The problem of Industrial Fatigue is like- 
wise one of the most elusive studies in Labour Economics, 
and requires to be studied as the resultant of so many 
psychic and environmental factors. We have emphasised 
the psychic influences just as much as the economic results 
accruing from their presence in the worker’s organism. 
Though there is a vast and growing literature on the 
subject of Fatigue in industry, it must be observed that 
the essential nature of Fatigue and its exact quantitative 
measurement are still bafiling investigation. We know 
of course much about the effects of fatigue in a 
general sense, but this does not help us in coming to 
any scientific conclusion about its complete eradication or 
evaluation of its economic consequences, except in a 
conjectural sense. We are putting this so very clearly at 
the beginning, as otherwise so many excellent experiments 
and observations of the Industrial Fatigue Research Board 
and other research institutes may lead the unwary reader to 
believe that it has been possible to finally analyse Fatigue 
and that modern science has enabled us to know it in all its 

> J. Drever: JIuiiiati i’actor in industrial relations — Article in 
the Industrial Psychology : edited by H. Myres : Home University 
Series, p. 17. 

2 C. S. Myers: Industrial Psychology, thtd., pp. 17 — 19. 
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elusive aspects. But with increased perseverance to seek 
out things in their innermost recesses, characteristic of 
modern Science, there is no reason why we should not hope 
to get a full knowledge of this phenomenon in due course. 

The importance of this study is so widely recognised 
that it is unnecessary to discuss its possibilities in much 
detail. A correct and indisputable knowledge of the 
“ Fatigue Factors ” will affect labour legislation tremend- 
ously, almost radically. It will give workers a correct 
appreciation of the conditions under which they should be 
willing to work. It will also at the same time indicate to 
short-sighted employers that some of their very favourite 
schemes of hours and organisation in the interests of 
economy, may not be as paying as they imagine, and may 
in all probability be economically harmful. From the 
social point of view the importance of this knowledge can- 
not be over-estimated. It may lead to great changes in 
social standards and policies, in relation to labouring 
classes. 

With the growth of modern social conscience, and 
partly due to preachings of a number of brilliant literary 
geniuses, like Euskin and Carlyle, against the evils of 
modern industrialism, our attention has been focussed on 
the human aspect of industrial life, and all advanced 
industrial countries have tried to give a concrete form to 
this attitude in a comprehensive code of industrial and 
labour legislation to safeguard the health and welfare of 
the working classes. Great attention has for instance been 
recently paid to “ accidents ” and injuries arising 
“ during and in the course of employment.” 

The problem of Industrial Accidents has recently 
aroused very great interest in western countries on account 
Industrial Ac- the exceptionally heavy toll of life 

®*^®“*®* and severe injuries caused in some of the 

large industries every year. The causes leading to 
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accidents are as complex as those leading to Fatigue; and 
in a sense they require much greater attention to environ- 
ment and safety cf the mechanical equipment, which makes 
their study highly technical. 

Accidents may be due to several causes one or more 
of which may be present at the same time. For instance 
some new writers like Vernon and others suggest that 
about 80 to 90 per cent of the accidents are due to what 
they call “ carelessness ” or “ inattention.” To us these 
terms are not expressive enough, and indicate to some 
extent paucity of precise knowledge and are intended to 
cover certain elusive and unexplained phenomena. For 
why should one be fully satisfied with an explanation like 
“ carelessness and inattention ” which are general terms 
covering a host of psychic states and changes in attitude, 
and not find out the causes of these in their turn? The 


Industrial Fatigue Research Board seem to realise this, 
when they have tried to fix the responsibility for a large 
proportion of the accidents to the special “ proneness " and 
“ susceptibility ” of individual workers. For what passes 
as “ apparent carelessness, seems on medical scrutiny the 
result of deep-seated causes of mental and psychic infirm- 
ity ” (Peri). 

The exact meaning of the term “ accidents” has been 
the subject of deep controversy, and many legal decisions. 

As we are not here concerned with the 


Deiiiiitioii ot 
“ Accidents.” 


legal aspects of the question, avc are 


content with giving what appears to us’ 


an useful definition. 


The expression ‘ Accident ’ is used in the popular 
and ordinary sense of the word, as denoting an unlooked- 
for mishap or untoward event (occurring in the course of 
employment) which is not expected or designed (Lord 
Macnaughten : in Frenton Fs. Tlmrley & Co., 1903, A.C., 
443, page 44). By a later case this definition was extended 
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by the House of Lords, and it was decided that the 
mishap or occurrence must be looked at from the workers’ 
standpoint, and whatever its cause or origin, it will be 
treated as accidental unless caused by the workman 
himself.” {Trim Jt. Distt. School vs. Kelly, 1914.) 
The definition has been held wide enough to include extreme 
case as heat-stroke, chill developing into inflammation of 
the kidneys, the rupture of an aneurism in such an 
advanced state that it might burst during sleep, and 
murder.”-' Thei'eforc an accident does not exclude 
diseases like anthrax and mercurial or lead poisoning 
contracted due to definite association with a certain type 
of employment, and many occupational diseases are includ- 
ed in the Workmen’s Compensation Laws in most 
countries. This would make the meaning of “ Accidents ” 
clear for all practicable jmrposes even from the legal point 
of view. 

The frequency with which industrial accidents occur 
is on the whole rising in most industrial countries, and 
Some Statistics. they are numerous enough to constitute 
a “ tremendous toll on economic production.” In 1907, 
there were no less than 35,000 Fatal accidents in the United 
States; in 1913 and 1917 they diminished to 25,000 and 
22,000, and serious accidents amounted to over 7,00,000. 
In New York State accidents have actually increased 
between 1922-23 and 1923-24 by over 26%, and the number 
of fatal accidents increased for the same period by 60%. In 
Great Britain the fatal accidents have of late averaged 
1,200 in factories and 1,200 in coal-mines and quarries; and 
serious accidents causing temporary disability of a week 
or more amount to 1,20,000 in factories and workshops and 
200,000 in coal-mines annually, and there are ten times as 


■' Tillyard ; The Worker and the State, pp. 201 — 203. 
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many minor injuries.^ These illustrations from two of the 
chief industrial countries clearly bring into relief the terrific 
pain, and huge economic damage to manual skill and 
capacity, and loss of time from sickness caused by accidents. 
In other countries the conditions are decidedly much worse. 

We give a TABLE showing the number of recorded 
accidents in various countries, which obviously are not 
comparable as they are not made on an uniform basis. In 
few reports of accidents, which we have seen for various 
countries, an attempt has been made to calculate the 
“ movement ” of accidents in terms of the variations of 
their “frequency” and “severity;” and unless that is 
done, we cannot make any scientific generalisations. This 
neglect in almost every country shows that public and 
administrative conscience is not yet fully alive to the 
importance of this great problem. In Great Britain, the 
“ prevention of industrial accidents ’’ is said to be the 
most important problem before the Factory Department “ 
says the Annual Report of the British Chief Inspector 
of Factories for 1922, yet figures on a “ common base” 
are seldom available, and “ only a few firms make an 
analysis of their accidents on a scientific basis.”® As 
things are at present only a few employers have an idea of 
the accident problem even in their own works.® 


Accidents. 


Industrial 


rountries. 

Population 
in millions 
1922. 

i 

Year of 
Report. 

Approxi- 
mate Total 
Accidents. 

Fatal. 

Increase 
over last 
year or 
decrease. 

Great Britain 

i 

1 

130 

Last few 
y e a r s’ 
average. 

320,000 

2400 



^Downey: Workmen’s Compensation and I. L. E. — 

Vol. 13/15, pp. 672-73. 

® Safety Work in Great Britain in 1922, and I. L. E. — Vol. 
IX, p. 606. 
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Industrial 

Accidents. 

Countries. 

Population 
in millions 

1922. 

Year of 
Report. 

Approxi- 
mate Total 
Accidents. 

Fatal 

Increase 
over last 
year. 

Austria 


1920-21 

25,900 

201 

4000 

Czecho-Slovakia 

2‘6 

1923 

36,976 

271 

3000 

Saar Basin 

... 


03,822 

37 

Increasing 

Sweden 

... 

1923 

41,996 

239 

M 

Switzerland ... 

1*0 



... 


United States... 

... 

average | 


25,000 


Factory v 


1907 

2,000, 0(KJ 

3),000 

Do. 

Population in 1 
1919 = 9,096,372 


1913 

1917 

iJ 700,000 

| | 600,000 

* 

26,000 

22,000 

i 


Japan .•« 

6*0 





(Factory! 
Population 1*3 V 
million.) J 

India 

India 

8’0 

From R. K. 
Das’ “ Pro- 
d u c t i o n 
in India.” 

1925 

1925 

1 

! 

1925 Mines 

1 ; 
1 

32,000 

12,646 

1 F a 0 t cries 

>8, 

284 V 

only. ^ 

V oo 

) r 

233 / 

Do. 

Do, 

33 more 
fata) 
accidents 

in 1926 
over last 
year. 


N.B. — These figures not being classified on a “common base” 
and derived from different sources are not properly comparable. 


In India of course we cannot expect much progress 
as accident records were made compulsory only from 1924 ; 

and though we find the Bombay 
tios1n*india.***** Factory Report insisting on some 
“ internal classification,” it is still in 
its infancy.® A scientific detailed analysis of “ frequency ” 
and “ severity ” rates must be legally enforced, and an 
uniform basis of accident record must be adopted in all 


® Bombay Factory Eeport, 1927, p. 10. 
F. 19 





146 


THE ALLAHABAD UNIVERSITY STUDIES 


provinces of India as soon as possible. In this connection 
India suffers under a great disadvantage as compared with 
England as there is no Chief Inspector of Factories for the 
whole of British India to coordinate the records and super- 
vision in various provinces on a more or less uniform basis. 

On this technical question of “ statistics of safety,” it 
is worth while to quote the greatest American authority on 
„ . ^ ^ , compensation statistics, Dr. Downey. 

statiBtioai ciaesifl. “ Causcs must be correlated with the 

cation. . - . . . . 

the number and severity of injuries in 
order to indicate the relative importance of each hazard 
. . . Mere frequency of injury is of little value. The 
preponderating causes of deaths and permanent injuries 
are very different from most frequent causes of minor and 
temporary disabilities. To measure the total importance 
of any hazard therefore, it is necessary to convert injuries 
of several degrees of severity to some common denomina- 
tor, such as Compensation cost, or weighted time loss. By 
this device the relative significance of the several causes of 
injury is plainly shown and comparison of hazards is made 
possible from industry to industry or from state to state.”’ 

The importance of the study of industrial accidents 
is unquestionable from the social or from the economic 
point of view. It is the duty of Society 
Sfandpoint. to See that this sort of unauthorised 

murder should be prevented in the 
modern industries at all costs in the interests of civilisation 
and humanity, and the risks of severe injuries and fatal 
accidents must be minimised. Simply compensation laws 
do not do either for the worker’s family or society. From 
the employers’ point of view, the real economic loss is 
enormous, and any permanent reduction in accident rate 
must be to the advantage of the employers as well as the 
whole society. 


Downey ; Workmen's Compensation, pp, 136-37. 
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In the United States, figures are not available on an 
uniform basis. But Dr. Downey calculates the total 
economic loss from fatal accidents in 
l<j8s. United States to be at least a billion 

dollars. The loss from temporary disabilities is small 
compared to fatalities. “The victims of serious accidents 
are generally men in the prime of life, for it is precisely 
the young and the vigorous who predominantly engage in 
extra-hazardous employments.” In the Pennsylvania 
Compensation Accident Experience, of 8550 fatal or 
serious injuries, 60 per cent of the workers were under 
40 years, of which 50 per cent were between 21 and 40, and 
6-5 per cent only of the total were over 60 years.® 

According to Downey’s calculations for the United 
States, “ a fatality upon the average cuts off 20 years of 
productive labour and a permanent 
Downey’s Econo- injury causcs a continuing economic 
variouf AcoWent^ . loss proportionate to the age of the 
worker and the degree of incapacity. 
Upon the average each death or permanent total disability 
is equivalent to two hundred and fifty temporary dis- 
abilities of four weeks’ duration. Reckoned in the same 
manner, the loss of a hand is equal to 500 weeks of total 
disability, and blindness of one eye entails an ultimate 
loss of six years ’ “ duration.” 

Weighting the deaths and permanent disabilities on 
the basis of the International Scale of Severity Rating, 
the total annual time loss from these in 
Economic Loss the United States is equal to 40 million 
working weeks; and taking all industries 
together the effect is of cancelling one 
week’s production every year. In the bituminous 

8 Pennsylvania Insurance for Workmen’s Compensation: 
Statistical Analysis, 1916 — 20 and Downey, p. 2. 
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coalmining it cancels one-tenth, and in structural iron 
workings it has the effect of cancelling one-fifth of the 
normal working time.'* The calculation has obviously 
disregarded the cost of hospital care of the injured. The 
accidents in the mines and quarries of Great Britain were 
also calculated to have the effect of a week’s disablement 
every year.*® 

The figures of economic loss mostly in terms of 
compensation, prove the great importance of the study of 
the causal factors of Accidents. The purely human cost 
in suffering is enormous and unmeasurable: but we can 
have some idea of the economic cost caused by modern 
methods of production to society. It is now common to 
treat compensation cost for accidents as a normal cost of 
industry, for in a certain sense they are due to nobody’s 
fault. The society is responsible for these injuries, and 
it is on a just principle that it is held liable to pay for them. 

In India where statistics are so unsatisfactory and no 
provincial or all-India tables of statistics classified on the 
above lines are available, we cannot 
cKfent8''*ir india^' form any exact idea of the gravity of 

the problem. But as the safety devices 
and workers’ general intelligence and training are so very 
inferior to western countries, we can safely conjecture the 
economic effect to be much more than a week’s time loss 


every year by reason of the various types of disablements. 

According to a rough calculation I made on Downey’s 
rating, the economic loss from 517 fatal accidents in the 
coal-mines and factories in India works 


An approximate 
Calculation of Eco- 
nomic loss from 
Accidents in India. 


out to about lacs working weeks of 
time loss (517x20x52 or 537,680) or 


equivalent to the effect of 5| lacs of 


9 Downey: Workmen’s Compensation, pp. 2-3. 

10 International Labour Review; Survey of Mining’ Inspn. 
Kept. G. B., 1923. 
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week’s disablement of all the workers every year. The 
total loss in wages from the fatal accidents alone will be 
roughly 41 lacs of Rupees, if we assume the average 
weekly wages to be those of the Bombay Cotton Mill 
workers, that is, Rs. 7-9-0 a week or Rs. 1-4-2 per day.“ 

If we suppose that the economic loss from the Minor 
and Permanent Disability Accidents is equal to four times 
the estimated Time Loss value of the Fatal Accidents, 
which may not be a very high estimate for a country like 
India where factories alone have 126,645 recorded Accidents 
of more than three days’ disability, the approximate total 
Time Loss annually loorks out to about 22 lacs of working 
weeks' disablement, and the loss in Wages pro rata is 
approximately equivalent to IGJt lacs of Rwpees, for both 
the factories and mines. Adding the two series of 
figures, we find the total economic cost of all the accidents 
in India is equivalent approximately to about 27^ lacs of 
Working Weeks’ Time Loss, and about 205 lacs of 
Rupees worth of Wages every year. It may be objected 
that both the American expectation of Life and the Bombay 
Mill Wages appear rather exorbitant for application to the 
whole of British India ; but we must remember that this is 
only a rough estimate, and we have to compensate for the 
serious degree of under-reporting of accidents and minor 
injuries common in most Indian factories and also for the 
sweated wages paid in some industries in India. 

The importance of the study of industrial accidents 
has now been amply established from the facts which we 
have discussed. The League of Nations 

Accidents and the have long recognised its international 
League of Nations. importance, and many exhaustive studies 

and reports, have been made by the 


Report of an Enquiry into Wages and Hours, Bombay 
Cotton Mills, 1923. 
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International Labour Office and its successive international 
conferences. The League have adopted several Conventions 
and recommendations on its various aspects with a view to 
prevent Accidents and occupational hazards. Its impor- 
tance to labour welfare is quite obvious, and now the 
safety and health of the workers in every country have 
to be looked upon from an international and all-world 
point of view. This international outlook is a guarantee 
that the physiological demands of the workers’ body and 
mind will receive an impartial and just consideration. 

“ Both the employer and employee ” says Stephenson, 
‘ ‘ are so intent on production that accidents in industry are 
liable to be regarded simply as accidents, 
Pew accidents (;hat is as Unforeseen occurrences, and 

are entirely un- 

preventable. therefore unpreventable.”^‘^ As our 

study shows there can be no greater mis- 
understanding, for as a matter of fact, there are very few 
accidents, even those which are due to the so-called ‘ ‘ care- 
lessness and inattention ” of the workers which cannot be 
prevented or at least substantially mitigated by proper care 
for the psycho-physical requirements of the workers, and 
their environment in and outside the factory. 


A. Stephenson ; Industrial Accidents — Article in Industrial 
Psychology : edited by Myers (Home University Series), p. 122. 



II. DISTRIBUTION OF INDUSTRIAL ACCIDENTS 
BY OCCUPATION 


Before discussing the causes of accidents let us examine 
their relative frequency in various occupations. 

Certain industries are responsible for a relatively 
greater number of injuries than others, on account of 
varying degrees of risk involved in their operations. 
There are a large number of industries using chemicals 
like chlorine, hydrochloric acid, sulphur dioxide and 
sulphuric acid, nitrous gases, acetyn, benzene, tar, 
naphtha etc., which have poisoning effects in case of inhala- 
tion of their fumes and gases and carry varying degrees of 
hazard during machine operations.' 

“ Metal and mining are the most hazardous occupa- 
tions while railroading, quarrying, and lumbering appear 
among those which exact heavy tolls in 
Hazard in Metal suffering and life.” These industries 

and Mining indus- ^ 

according to the estimates of Dr. 
Hoffman are two or three times as 


dangerous as the average for all occupations in which male 
workers are employed. ^ 

“ Metal-mining ” has a fatality rate of 4 per mille 
and Coal mining ” 3-5 per mille.'^ General manu- 
facturing ” has only 0-25 per 1000, 


Statistics of Ac- 


Navigation 3 per 1000, Railroads 2-40 


cident Distribution. 


per thousand, Electricians (light and 


power) have an average of 2-5 per mille; 


Quarrying has 1*70, lumber industry 1*5, soldiers in U.S.A. 


1 International Labour Eeview : June and September 1926 : 
“ Industrial Diseases 1920 — 22.” 

2 Watkins, G. S. : Labour Problems, p. 191. 

3 ,p. 192. Hoffman's table of fatal industrial accidents 
in the U. S. A. 1913 by Industry Groups. 
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Army had 149 per 1000, Building industry 1-25 and 
“ Agricultural pursuits ” had 0-36 per 1000 while general 
“Manufacturing” industries had an average of -25 fatal 
accidents per 1000 in the U.S.A. in 1913.'* 

It is not possible to give such distribution ratios in 
Indian industries for most of the factory reports do not 
give any such classification. 

Xhe Annual Factory Eeport for the U.P., gives 
such a distribution by occupations for 1927; the 
Accident Dietri- following figures are quoted from the 

bntion in the IJ.P. ootyici • 


Total and fatal accidents. 


niasses of factories.® 

1 

^I'otal. 

Fatal. 

1. Government factories ” — ordnance, print- 



ing, Railway workshops etc,, (19000 oper- 
atives.) 

309 

2 

2. “ Textiles ’’—cottons and woollens (28000). 

80 

2 

3, “ Engineering ” including electric generating 
stations and Railway workshops (12000). 

762 

3 

**Pood, drink and tobacco.” Rice, flour 
mills etc. (9000). 

31 

5 

6. “ Chemicals and dyes, etc. ” (Matches and 
bleaching and oil) (300.) 

13 

1 

6, Paper and printing (3 serious) ... 

7 

0 

7. “ Wood, Stones & Glass ” 

3 

0 

8. “Skins & Hides ” (2800) 

12 ' 

0 

9. “ Gins & Presses ” (cotton) (10000) 

8 

1 

10. “ Miscellaneous ” (88000) 

1 ' 

0 

Total 

1226 

14 


^ Ihtd,y Hoffman’s table. (Adaptation.) 

5 Total number of operatives in U. P. Industries. Ibid.y 1927, 
p. 3 ill brackets (in round numbers). 
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Thus we find® in the IT.P. that Textiles, Government 
Factories including ordnances and workshops and engineer- 
ing have largest number of total accidents monopolising 
about 95 per cent of the total accidents and 50 per cent of 
the fatal accidents. The largest number of fatal accidents 
appear in the “ Food ” industries in rice, sugar mills, etc., 
and this seems due to the large number of employees rather 
than the hazardous character of the industry. 

We have figures for only a few other provinces on this 
basis and we do not know the relative incidence of accidents 
in the most hazardous industries, for example, the Iron and 
Steel and Coal industries in India. 

According to Dr. Downey, ‘ ‘ Coal-mining leads all 
other employments in the annual number of fatal and 
permanent injuries and in the aggregate 
Coal-Mining Ac- economic loss occasioncd by work 

cidents. ^ 

accidents. Nearly half of this total 
accident cost is attributable to falls of roof and coal, 
one-fourth to mine cars and motors, one-tenth to explo- 
sives and hoisting apparatus.’”’^ 

In manufacturing industries as a whole mechanical 
equipment accounts for 60 per cent of total accident cost, 
according to the Pennsylvania Insurance Experience. It 
would be well if similar figures for India were also made 
available in the Factory Reports.® 

INDUSTRIAL ACCIDENTS IN INDIA 
Behar & Orissa — 

The province of Behar and Orissa requires special 
attention in any statistical study of accidents, in Indian 


^ Annual Factory Report, U. P. for 1027 : W. G. Mackay, 

p. 10. 

7 Downey : Ihid. 

8 Downey : Ihid, 

F.20 
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factories, for the greatest factory in India employing 
about 25,000 to 30,000 workers — the Tata Steel Works — 
one of the largest in the world — is situated in this 
province. The frequency of industrial accidents is 
largest in steel works and coal-mines. But coal-mines are 
not included in the factory reports and are treated 
separately in the Report of the Chief Inspector of Coal- 
mines, to which we must return later. 

A study of industrial accident statistics in Behar and 
Orissa shows that the number of “ Total Accidents ” and 
“ Mean ” Accidents per 100 persons employed have been 
steadily rising between 1916 and 1918. 

While the total accidents have maintained progressive 
increase between 1918 and 1922 along with the numbers 
employed, the “ mean ” of Accidents per 100 persons 
employed has shown a steady decline in these years except 
in 1921 when the average was 2-51 against 166 in the 
previous year. In 1922 there was noted a decrease in all 
types of accidents, while in 1923 the decrease was marked 
specially in more serious types.® 

This welcome decrease in the figures for accidents does 
not necessarily indicate a real decrease in the risks and 
dangers in industrial undertakings of the province, for it 
may show that the reductions are to some extent due to the 
experience gained by the old employees in the Tata plants 
which fully came into operation after 1918. Again the 
increase in the number of total accidents does not neces- 
sarily imply a real increase in Accidents as the improved 
reporting which was gradually adopted after, the passing 
of the Indian Workmen’s Compensation Act (which made 
the reporting of Accidents compulsory) must account for 
a great deal of the increase.® 

But this factor is common to all the provinces more or 


® Behar and Orissa Factory Report, 1923', 
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less, and so there is not much difficulty in roughly compar- 
ing the factory accidents in various provinces, though 
absence of a common basis of classification of accidents 
must prove a source of considerable error. The special 
conditions obtaining in Behar and Orissa and particularly 
at the Tata Iron & Steel Company are clearly brought into 
relief by the Chief Inspector of Factories for the province. 

“ The conditions which produce accidents in the steel 
works are not paralleled by any other factory in the 
province, nor possibly in India. A 
Special Features conglomeration of many smaller factories 

of Accidents at ° •' 

Tata Works. to aggregate the same number of employ- 

ees would not make an establishment 
resembling this in the nature of its dangers. The dangers 
in the normal small factory are of kinds that can be counter- 
acted one by one by simple and inexpensive precautions 
(e.g., unfenced machine). But the characteristic danger 
in these works is of another kind much more vague and 
much more difficult to deal with. It is the danger inherent 
in the combination of conditions w'hich I would place in 
the following order of importance : — 

{a) The enormously high ratio of ignorant labour- 
ers to the small handful of skilled and 
educated officials. 

(6) The fact that in addition to the mere extent of 
the establishments its plant units are mostly 
on a great scale of size and power. 

(c) The circumstance that in spite of the size of 
the works and of the tracts of open country 
around them, the plant is relatively con- 
gested.”*® 


1® Behar and Orissa Factory Eeport for 1923 (by Mr. Brady). 
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According to Mr. Brady, the conditions (6) and (c) 
which are of a physical nature, inherently dangerous as they 
are, would not produce in a steel works in Europe and 
America a remarkable accident rate. It is the first condi- 
tion {a) and “ the ignorance, the obstinacy, the instability 
and secretiveness ” of the Indian labourer which brings in 
the two latter conditions. “ The secretiveness of a partially 
trained coolie makes it difficult to find out of what exactly 
he is ignorant and to enlighten him — his instability dis- 
courages his immediate superiors from taking much trouble 
over him, for when he has been taught the conditions 
governing some particular place or job it is doubtful 
whether he will repay his instructor by remaining at it, and 
in his obstinacy he adheres to his rustic customs in spite of 
warnings that they endanger his life amongst heavy 
industrial plant.” 

A careful and detailed study of the average Accident 
Frequency at the Tata Iron & Steel Works, Jamshedpur, 
reveals very high and progressively 
Some statistics increasing incidence of injuries incurred 
Tata'^wS.'” **** by the workers at this plant which is the 
largest industrial undertaking in India, 
employing a daily average of 25,000 to 30,000 workers 
in its various departments. Accident Frequency has 
been rising per 1,000 workers between 1922 and 1926 
at an increasing rate from 2 08 in 1922 to 4-94 in 
1926. In 1927 the rate remained constant with the 
preceding year. In 1928 there was a sudden rise 
from 4-81 to 5-64 ; and in 1929, the rate further rose to 
6-90 accidents per mille of the workers employed ; but in 
these two years there are certain extenuating circumstances 
due to abnormal Labour and employment conditions due to 
the Workers’ prolonged Strike. The year 1930 however 
registers a slight decrease in accident frequency, 6-34 per 
mille, which is a salutary sign of considerable improvement 
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and settled conditions. “ It must be observed that the 
tendency to increase in the average of injuries per worker 
has been very marked and progressive on the whole, though 
there is a silver lining in the clouds in the last statistical 
year. 

The crude total accident rate has also been rising in a 
very marked degree, and for 1930 the reported cases of all 
types of injuries in the total plant amount to 28,775; of 
those involving absence of less than a day 27,181 ; and those 
involving lost time of 48 hours or over were 1,518, against 
a daily avei-age employment of 18,496 operatives. We give 
a table with some more details for years 1925 to 1930 : — 



1936 

1926 ! 

1927 

1928 

1929 

1930 

FATAL ACCIDENTS: 



i 




/Total Plant ... 

16 

33 

28 

24 

10 

20 

•j Grand Total including 

1 contractors and town 
\ employees. 

19 

35 

38 

34 

16 

27 

SERIOUS ACCIDENTS: 
Total Plant. 

308 

276 

261 

300 

360 

176 


The number of severe accidents also indicates a steep 
rise progressively every year during this period. We 
regret very much that the Tata Iron & Steel Co. do not 
have properly corrected and classified Statistics on the 
lines for instance of the records of the United States’ Steel 
Industries who prepare frequency and severity rates on 
the basis of per 1,000,000 hours of exposure. According 
.to labour statisticians, this is the best method of classi- 
fication. The classification of the accidents by Causes is 
also not available for the entire works according to present 
official classifications. The ordinary number and fre- 
quency classification as prescribed by the Indian Factories 


n Figures supplied by the Tata Iron & Steel Co.’s courtesy. 
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Act does not yield any useful social data for ameliorative 
purposes. For this reason it is impossible to make any 
accurate comparisons of the Tata Steel Works accidents 
with similar Steel Works in western countries. 

The data prescribed by the Indian Factories Act, do 
not give very expressive information on the salient causes 
of accidents, and their relative severity. We hope that 
the Government will make suitable amendments in the new 
Indian Factories Act, and try to approximate to the recom- 
mendations of the International Labour Office of the League 
and the Committees of the Labour Statisticians appointed 
by the I.L.O. The Tata Company however in view of their 
position as the leading industrial firm of the nation, and 
also in view of the comparative gravity and seriousness of 
the Accident Frequency in their Works should adopt more 
scientific tabulation and classification of the Accidents 
and injuries. They should not be content with merely 
complying with the Government demands in this respect. 

In view of the difficulties in getting comparable 
Statistics, it seems rather premature and inadvisable to 
analyse the figures of the Tata Accidents too critically. 
There is no doubt however that compared with other 
industries of the Province, the toll of life and injuries 
and economic cost due to compensation is comparatively 
much heavy in the Tata plants. That itself does not call 
for any severe comment for the Iron and Steel industry is 
one of the most hazardous industries in all countries, and 
everywhere the number of injuries, and their qualitative 
severity is much more in the Steel industry than in any 
other. 

The amount of pain and suffering caused in the 
steel and other hazardous industries must indeed be 
very great, and it is the duty of society to try to reduce 
them as much as possible in the interests of civilisation. 
The economic cost of injuries, in the case of compensable 
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injuries to the Tata Steel Co. comes on average to about 
Es. 45,000/- annually, which is indeed a small figure for 
the Works of such a vast size. But when the amount of 
the experience lost due to the loss of an old worker, and 
the increasing cost of training and lesser efficiency of new 
recruits are considered, and the dislocation caused in the 
smooth working of the firm due to interruptions of 
injured absentees are all taken into account, the actual cost 
of accidents and injuries of all types (in this case about 
29,000 reported injuries), must indeed work out at a high 
figure. As every sound industrialist must realise this 
is not an imaginative essay in estimating the cost of 
injuries. This conclusion is patent to any person who 
shall care to study the facts. But probably the enormous 
size of the plant, the dangerous nature of operations in the 
Steel Works, and illiteracy and instability of the labour 
force, and the comparative inexperience of the average 
worker will make a very much radical reduction in 
accident incidence of the Tata Works, impossible. We have 
already referred to Mr. Brady’s view about this aspect of 
the Tata plants, which bring into relief the various diffi- 
culties in mitigating the accident frequency here. 

It seems however frima facie quite possible from the 
experience of other countries to bring a very substantial 
reduction in accident hazard, by taking suitable and 
preventive measures after fully investigating the causal 
factors. It is quite a wrong view from the point of view 
of the welfare of the industry to think that one should 
dispense with all preventive measures, and only provide a 
contingency fund equal to the cost of compensation roughly 
payable every year. It is a matter more of a firm’s repu- 
tation for caring for its employees and social standards, 
which the Government and Society as well as the 
industrialists should watch very jealously. The experience 
of other factories and steel plants in Europe and 
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America suggests strongly that any reasonable expendi- 
ture and measures of a preventive character likely to 
reduce the hazard and increase the comfort of the 
workers must also increase the voluntary co-operation 
and loyalty of the workers. One big industrialist at a 
British Safety Conference stated it emphatically that 
he considers it a wrong policy to entrust the duty of look- 
ing to the accidents and injuries to the Insurance institu- 
tion with whom his firm were insured. He wanted to 
attend to the injuries where possible himself through his 
own doctors. This in his opinion was not only more 
human but also quite paying, as he could in this way gain 
the personal confidence and respect and loyalty of his 
labour force whose contentment would result in a larger 
output, and for this he was prepared to make any invest- 
ment. When we refer to such things we never imply that 
the attitude of the Tata Company has not been satisfactory 
towards their workers. In fact they are probably the best 
employers in India, who pay quite good wages and look to 
their, labourers’ welfare, in so many admirable ways. We 
are only referring to a certain attitude which big indus- 
trialists are tempted to acquire at times, in such matters, 
because they fail to take a long view of things. 

The author had ample opportunities to study labour 
conditions at the Tata Steel Works, and to get the free 
opinions of the workers there, and also of studying the 
various welfare measures and labour conditions in other 
factories. The Tata workers are well looked after at least 
in the time of Mr. Keenan, the present General Manager. 
The Company pays full wages to the workers 'during their 
absence from the first day of the accident, though the 
Indian Workmen’s Compensation Act makes it payable 
after two days have elapsed when the accident requires 
further absence due to incapacity of the worker. This 
indeed means extra cost, and shows the attitude of the 



INDUSTRUL FATIGUE, ACCIDENTS, AND WELFARE Ibl 


employers in approaching such questions. The workers 
rarely have occasion to resort to law courts for settlement 
of the compensation. Generally the compensations are 
paid promptly on a liberal basis. 

The Tata Works have got a Safety Committee consist- 
ing of the heads of the departments who investigate the 
causes of accidents and decide the com- 
Bome suggestions pensation payable. For such a vast 
Works. plant one should expect an independent 

Safety and Accidents Department with 
full-time expert staff. An Industrial Psychology Depart- 
ment is also indispensable for such a vast Steel Works, as 
much smaller firms in Europe and the United States have 
got the services of a trained staff of industrial psychologists 
and labour investigators who make it their business to 
study scientifically the conditions under which the work is 
carried on, and make suggestions likely to prove useful in 
reducing Accidents and Fatigue and increasing the output, 
while at the same time increasing the comfort of the 
workers.. Any such steps taken on the advice of such 
Industrial Psychologists and Research Workers have in 
almost all cases proved economically feasible, though some- 
times the results have not been decidedly encouraging 
for the first two or three months of experimentation. 
In that case it is nothing more than a dollars and cents 
proposition. 

Both the United States and the British Governments 
have got Labour Statistics Bureaux and the latter have 
had expert Committees and the Medical Research Council 
and the Industrial Fatigue Research Board, who have been 
engaged in studying such problems on behalf of the Govern- 
ment. It is unfortunate that the Government of India 
have never moved an inch so far in making any such 
specialised studies on expert lines of the Fatigue Factors 
or accident incidence or other labour problems of national 
F.2X 
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importance. The newly started Bureau of Industrial 
Besearch and Intelligence of the Government of India 
does not have a single specialist in industrial Economics 
or labour problems or industrial Psychology; and its scope 
and programme are altogether misconceived. In the case 
of a firm of the size of the Tata Works, and in view of its 
national importance as the premier industry of the country, 
the services of some industrial psychologist and labour 
economist appear almost indispensable, in the interests of 
the firm itself. Such a Research worker in industrial 
psychology must have studied the work of the Industrial 
Fatigue Research Board, a'nd must have knowledge of 
labour and industrial conditions in other factories and 
mines as well as some Steel Works, and must have a 
thorough theoretical grounding in Industrial Economics 
and labour problems. We are not aware if the Tata 
Company have already made some beginning in this 
important matter. We think the study of psychological 
aspects of industrial life and work in the Departments 
like the Blast furnaces. Open-hearth and Duplex plant, 
the Tinplate and Sheet-Mills and the Merchant Mills, will 
yield most useful results, for there is a prima facie case 
for believing that certain important processes in these 
departments appear to be of a fatiguing nature, and a 
scientific study of the possibilities of introducing suitable 
rest-pauses must yield very useful results. If rest-pauses 
are scientifically determined and introduced after expert 
study of all the factors involved, the output is sure to 
increase after some time, and the comfort of the workers 
will also be enhanced at the time. The experience gained 
at the Munitions Factories and controlled Government 
factories during the Great War in Great Britain and other 
countries suggests that properly regulated rest-pauses 
specially in repetitive processes resulted in substantial 
incretise in the output. It will be, however, sheer vanity 
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on the part of the heads of the departments of a big 
enterprise like the Tata’s to believe that in spite of very 
busy distracted pre-occupations in the factory, they can 
make a competent and satisfactory study of the conditions 
of labour welfare, rest-pauses, accident or “ Fatigue 
Factors ” which requires special knowledge of Industrial 
Economics, Labour Problems and Industrial Psychology. 
They are eminently unsuited to make a proper study of such 
questions with necessary scientific detachment and 
precision; and all these will require a highly specialised 
type of knowledge. The knowledge and co-operation of 
these departmental heads and industrial experts will of 
course be indispensable to these industrial psycholc^sts 
who should have direct dealings with the General Manager 
or the Chief of the Factory. As is quite patent from the 
experience of big industries in the West the expert 
Research Staff must certainly prove a profitable investment 
to the Company in due course, — and by making suitable 
practical suggestions about hours and rest-pauses and 
workers’ comfort after scientific study increase the relative 
output and improve the relations between the employers 
and workers. 

The Tata Steel Works are fortunate in having on 
their staff a sympathetic Labour Welfare Officer coming of 
a respectable Indian family, who is liked by the workers, 
but he appears to be understaffed. One solitary welfare 
worker can hardly suffice to deal satisfactorily with labour 
welfare questions in such a vast undertaking. The services 
of an industrial psychologist with some Labour Welfare 
experts must add very appreciably to the firm’s capacity 
for looking to the welfare of the workers. We hope an 
eminent industrial expert and sympathetic Head of the 
firm as Mr. Keenan, at present the General Manager of the 
Tatas, who is ever solicitous to improve labour conditions^ 
will do his best to consider th^ suggestions in the best 
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interests of the Company and the Indian workers under 
his charge.* 

The researches of Dr. C. S. Myers and his investi- 
gators at National Institute of Industrial Psychology in 
Great Britain, the Munition Workers’ Committees and the 
Industrial Fatigue Heseareh Board under the British 
Government as well as the experts in Indusitrial Psycho- 
logy, in many important firms in various countries, point 
only to one conclusion that no big industrial undertaking 
with a progressive and intelligent programme can afiord 
to dispense with the services of such Research workers in 
its best interests. Then it is only large establishments who 
can afford to make such experiments; and examples of 
progressive measures adopted by them as a result of such 
experiments should prove a beacon light to other smaller 
industries and lead to the increase of the industrial 
prosperity of the nation and the betterment of the labour- 
ing classes. 

These hurried suggestions are made regarding the 
possibilities in the Tata Works tentatively at the time of 
going to press, to fill a very important hiatus in this dis- 
sertation, and we propose to prepare a fuller monograph on 
the subject at a later date. 


Accidents in Bombay Presidency. 


A study of the Curve for Accidents occurring in the 


Accidents in 

Bombay industries 
progressively in- 
creasing. 


Factories of the Bombay Presidency 
shows that the average Accident Fre- 
quency has been rising progressively at a 
very fast and alarming rate during the 
last ten years {vide Graph). The figure 
for the year 1929 showing the accident 


* N.B. — These points are based on the wntei’s visit to the Tata Steel Works 
in 1931 for his research study; and also earlier. —Autkor. 
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hazard is about six and half times as much as the accident 
frequency per worker in the year 1919 . 


Y 



YEARS 


Graph showing yearly variations in Accident frequency per 
10,000 workers in Bombay Presidency. 

(Years 1919 to 1929). 
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BOMBAY FACTORY REPORT, 1928 & 19^9 


Accidents in Factories 



Fatal. 

Total. 

A s per 100 operative 
employed. 

1919 

26 ! 

1021 

0 27 

1920 

33 

909 

*27 

1921 1 

34 

1084 

•31 

1922 ! 

42 


•31 

1923 

23 


•23 

1924 

82 : 


*74 

1925 

50 1 


*84 

1926 

49 


104 

1927 

59 


1-26 

1928 

39 


1*25 

19.29 

51 


1*72 


This may be due to the constant influx of new workers 
in Bombay (and to some extent in other Mill towns), with 
probably the highest record of labour 
Proiabie Causes. tumovcr of all the industrial towns in 

the world, owing to greatest possible instability of the 
labour force, partly due to its most insanitary and dirtiest 
housing conditions, and to the introduction of new 
machinery without proper accommodation which should 
not be allowed by the Factory Department. The effect of 
long hours and absence of proper rest-pauses may also be 
to some extent reflected in these high figures of accident 
exposure. 

Compared with the classification of 1928, there 
appears to have been a fall in accidents due to belts, which 
generally occur in the apparently simple 
ddeirfs*** process of replacing a belt. One man 

was killed in replacing a very slow belt. 
A belt fastener caught a bracelet he was wearing and he 
was taken over the shafting.*® 


13 Factory Report : Bombay : 1929. 
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Fire-proof garments were supplied in a match factory 
to the workers. Success in ammunitions factories at 
Kirkee in the reduction of accidents was 
Fiie-pr(^ gw- (Jug to special precautions taken by the 
lactic injections. management. No fatality due to tetanus 
occurred due to accidents in the carding 
engines in the Bombay mills which shows the beneficial 
effect of departmental action in previous years. Prophy- 
lactic injections at the hospitals for accidents are often 
given at the hospitals ; and doctors often inject immediate- 
ly after the accidents at the mills.** 

This hurried review of the conditions of the accident 
frequency in Bombay suggests the importance of most 
vigorous efforts by the factory inspectorate to minimise 
the accident hazard, as far as possible. 


iilbid. 



III. CAUSES OF INDUSTRIAL ACCIDENTS 


The tendencies of large-scale production are to a 
great extent responsible for the increasing frequency of 
industrial accidents. Every new invention 
Difficulty 0 f and process must be speedily adopted to 
ment*"to feaory Compete with rival industries and workers 
enyironment. often to adapt themselves suddenly to 

new inventions, methods and even plants. 
“ On account of the mechanical rut to which a machine 
must reduce its ordinary attendant, adaptation is generally 
not an easy thing and making allowance for technical 
training we must be prepared for maladjustment when 
dealing with large numbers of employees especially in 
India where workers do not have the requisite technical 
training in most cases and also lack the benefits of any 
primary education.”* 

Apart from inventions and new processes, “human 
nature as constituted cannot fully adapt itself to a 
mechanical standard.”® Safely to perform 
Inherent hazards their work without injury the workers must 

of the machine, , . , , , . n 

economy. think and act exactly in terms oi 

“ mechanical exigencies ” and should be as 
insensible to fatigue ! “Human nature inherited from 
uncounted generations that knew not the machine does not 
possess these attributes in anything like the requisite 
degree ” as Downey rightly points out, and specially must 
this be true in the case of the Indian villager who is called 
to a factory with all its modern intricacies, and complicat- 
ed arrangements. 


* Downey : Workmen’s Compensation. 
® Downey : Ibid. 
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‘ ‘ The common man is neither an automaton iior an 
animated slide rule. His movements fall into a natural 
rhythm, indeed, but his beat is both less 
Human organism rapid and more irregular than the motions 
mechanical**’'* exi- machines with the consequence that he 
gencies. remove his hand before the die 

' descends and allows himself to be struck 


by a travelling crane. It requires an appreciable time for 
the red light or the warning gong to penetrate his con- 
sciousness and his response is apt to be tardy or in the 
wrong direction.”^ 

Where hours are not exactly corresponding to psycho- 
logical and nervous demands of the worker, fatigue 
overcomes him, and his attention flags 
mahdjnat" “ lengthening his reaction time and dimi- 
nishing his muscular accuracy ” thus 
enhancing his liability to accidents. Human organism is 
not perfectly adjustable to mechanical environment and no 
amount of training and safety measures and health 
improvement can effect the requisite adjustment “ because 
the mechanisation of industry proceeds faster than the 
processes oT habituation. 

Accidents therefore cannot be wholly avoided. The 
difliculty is increased when the ever-widening extensions 
of machine methods bring in a constant 
be'^wh1ii1**avo1ded! of men, women and lads from the 

villages from entirely opposite environ- 
ments. Because of this, certain risk and injury are part 
of the cost of the maintenance of all mechanical industries 


and the probability of accidents can be forecasted in any 
group of industries. “ The machine technology ” uses 
stupendous forces like steam, electricity and chemical 
agents which multiply human power under proper control 


3 Ihid.^ p. 7. 

^ Ihid.^ and Thomas Oliver: Occupations. 
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and cause havoc where such control is relaxed. The 
worker’s attention and energy must closely conform to the 
movement of the vast array of machinery which is propell- 
ed by these titanic power agents. All the movements of 
the machine and their purpose are hardly comprehensible 
to the ordinary worker, and on his slightest mistake may 
depend the lives of many others far removed from his 
operations."' Close interdependence of innumerable processes 
and apparatus is the chief cause of unavoidable accidents. 
“ The hidden defect of a minor part or the momentary 
lajise of memory imperils the lives of hundreds. A lower 
man misinterprets an order and a train loaded with human 
freight dashes to destruction.”'’ Every accident is ulti- 
mately traceable to some act of omission or commission, but 
often these are humanly speaking inevitable. Broadly 
considered injuries which arise are “nobody’s fault in a 
personal sense.” Workmen do not intend suicide neither 
do employers desire the destruction or amputation of the 
limbs of the labour force." 

“ All intensive studies of mass statistics show that 
work injuries in the main are attributable to inherent 
hazards of industry.”’ Most of the injuries 
arise from hazards characteristic of each 
occupation. In the most dangerous 
industry — the Iron and Steel — six characteristic causes 
account for 78 per cent of total accidents — travelling cranes 
17 per cent, working machines 22 per cent and locomotive 
12 per cent these three alone accounting for 51, per cent of 
the total. In bituminous coal mines one-half of the 
accidents are due to falls of roofs and coal. “ Each 
industrial employment,” says Dr. Downey, “ comes to have 


Veblen : Thpory ot Business Enterprise. 
® Downey : Ihid., p. 7. 

■’Downey; Ihid. 
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total hazard,” a^ each consumable 


a predictable total hazard,” aa^^ 
commodity may be said to have “ a ^lilnite cost in human 
suffering.”* The specifically “ human cost ” of these cannot 
be shared or transferred, but the economic cost of the 
injuries must be included in the costs of industry and boime 
by the society of consumers, in the long run.'-' 


Causes of Industrial Accidents : — 

Industrial accidents may be divided into “ Preveiit- 
ciassification. able,” “Inevitable ” and “ Unavoidable. 
We have discussed in the last section the reasons for 
“ Inevitable ” accidents which are due to the “ inherent 
hazards ” of industry. They are due to the shortcomings 
of human nature, as measured by the standards of a 
mechanician. Then there is another class “ Unavoidable ” 
accidents which are beyond human control— such as falls 
caused by earthquakes or disturbed and 
avoid&bid accidontB. tilted Strata in a mine due to uncontrollable 
causes of a geological character, accidents 
caused by lightning, heat-waves or meteoric bursts. There 
is no human remedy for these and our study does, not take 
account of these accidents. “ 

We are primarily interested in the causes of accidents 
which are “ preventahle ” and can be brought under control 
by science or man. The Preventable 
ATOidents* ° * * **** Accidents are an unnecessary drain on 
industrial finance and of late great atten- 
tion is being paid to the study of their causes. On account 
of the new “ efficiency movement ” it is “ gradually forg- 
ing its way to the foreground ” and accident prevention is 

8 Ihid, 

Brisco : Economics of Efficiency. 

10 Ihid, 

N.B . — Br. Brisco does not distinguish between “ inevitable ” and inavoidable.” 
I thought that this distinction, however crude, was necessary. — Author. 

11 Brisco : Ibid, 



172 


THE ALLAHABAD UNIVERSITY STUDIES 


being considered “an important duty of every business- 
man.” 

According to German statistics of Accidents, which 
Brisco considers quite reliable, 42 05 per cent of all 
accidents were due to “ Unavoidable” risks of industry 
and 57-95 per cent to the negligence of employers and 
employees. According to one statistician at least 50 per 
cent of all accidents in the factories of America are 
preventable (Brisco).'-* 

Preventable Accidents divide them.selves into : — 

1. Accidents due to subjective or psychical changes 

induced by particular tasks — like fatigue and 
ve«S cxhaustioii, hick of co-ordinatioii 

between speed of machinery and muscular 
movement, flagging of attention and dizzi- 
ness; intoxication from drinks or drugs. 

2. "Non-machinery Accidents” from external 

causes not connected with the use of 
machinery. Defective factory construction, 
bad lighting, temperature or ventilation, dis- 
order in factories, overcrowding of materials, 
slippery floors, absence of fire precautions. 

3. Accidents mainly due to carelessness of the 

employees — ignorance of danger or lack of 
training (for which employer is partly 
responsible on account of bad choice of his 
men), not using the safeguards provided, 
loose clothing, general overconfidence of 
employees. 

4. "'Machinery Accidents” or those attributable 

to inadequate safeguards and safety devices. 


1 * Ibid., p. 253 . 
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5. Accidents or injuries due to controllable and 
preventable “ occwpational diseases.”^-^ 

This rough classification also indicates the 
reasons for each class of accidents. It 
would be better to take each of these causes 
for brief discussion, and study the various 
methods suggested to prevent their operation. 

“ Non-Machinery Accidents .” — 

There are a large number of accidents which are not 
attributable to the use of machinery but to the external 
conditions and environment provided for its operation. 

Factory Construction and design is not always suited 
to the needs of a modern plant and changes in the plant 
and use of new inventions often require 
tion^aD^design^'^'^ drastic remodelling of old structures which 
is often neglected. The progressive needs 
of the workers and the extension of welfare activity 
introduce other complications. Says Miss Proud, “Adapta- 
tions are made in older works, and although it is more 
difficult to remodel an old inconvenient factory than to 
build a convenient one, there are not lacking examples of 
old factories which have been adequately adapted to the 
progressive needs of the workers. Movement from a city 
to a suburb or to the country is often associated with the 
building of a factory.”*' “ it must not be supposed,” she 
significantly remarks, “ that a factory can be so built that 
it will be convenient for ever. Adaptations will be 
necessary with every development.” It is “ the first duty 
of a welfare department ” and of a factory Inspector to 
keep a watchful eye so that the factory “ may always be 
most convenient and comfortable ” and over-crowding of 

Watkins: Introdiietiou to Labour Problems. 

N.B. — The wiitei has denvetl much help from Brisco : “ Economics of e£&* 
cieiicy ” to which he makes full acknowledgment. 

Proud: Welfare Work, p. 257. 
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machinery and materials may be avoided — all of which 
would indirectly decrease the number of injuries.*® 

In India where rapid changes in machinery are 
required with increasing size of the plant such defects are 
common and often lead to large number of 

Accidents due to . i i i . 

structural defects accideiits. We iind 111 the Bombay factory 

1“ Report 1923, that of a total of 82 fatal 

injuries, 30 deaths were caused by “ Collapses.” At an 

enquiry held into this structural collapse at the Ahmeda- 

bad Mill, it was found that “ the expansions in the mill 

some years ago placed an overload on the original end wall 

which was converted into a party wall while last iron 

columns were overloaded ” and “ the effect of the vibration 

of a shaft penetrating an arch was the original cause of 

mishap.”*® At a second mill “ an additional storey had 

been recently added .... and the walls of the extension 

were built of extremely poor concrete and cracks had 

developed under the girders.”*'* 

The remedies suggested are that close examination of 

structures must be insisted upon, and the municipal laws 

must be wide enough to control the erection 

of buildings in an industrial area. The 

municipal authorities must submit plans 

of a proposed factory for the approval of the Factory 

Inspector and its use should duly be allowed when he has 

fully approved the construction as safe. The employers 

must in every case be debarred from making drastic changes 

in the size of the plant without the certificate of the 

Factory Inspector about the fitness of the buildings of the 

factory. 


Ihid., pp. 257 — 59. 

*•• Factory Report, 1923; llombay. 
*’ Ibid., page 18. 
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Poor lighting and ventilation and general disorder : — 

Poor lighting of rooms and corners and passages often 
loads to many avoidable accidents. A false step in a dark 
passage-way often means serious or fatal 
iniiportanoe ol accidents as rapidly revolving shafts and 

lighting in 

fttciones. high-speed belts are in motion in some 

“ passage-ways.” Dirty windows and 
dirty walls make a room darker. Every stairway passage 
or platform must be well-lighted and in cloudy days there 
should be artificial light. Normal capacity according to 
Brisco increased 20 per cent if workers changed from badly 
lighted to well-lighted conditions. Dr. Vernon observed 
in the munition factories that on an average the night 
accidents were 17 per cent more than day accidents.*'-’ 
Light is thus a prime necessity for efficient cleanliness and 
order in factories, are essential for accident prevention. 

. Tools, waste material and new products 
and goods in process of manufacture must 
not be allowed to litter the floors, otherwise 
there is danger of accidents. An employee may trip over 
them and get injury from a fall, or being thrown against 
moving machinery. The order and cleanliness of the Ford 
Shops is an ideal of factory arrangement ; workers must be 
severely disciplined for throwing tools or materials in aisles 
or under moving machinery. ‘ Order is the first law for 
efficient work ’ and accident prevention. 

Bad ventilation increases fatigue and causes accidents 
indirectly. In Indian factories ventilation is seldom 
sufficient and workers also care little for it. 


Bad ventilation 
in factories; Novel 
ventilation system 
in Ford workshops. 


One of the most noticeable features of the 
new Ford Shops is their ‘‘ Hollow-column 
air-circulation system'' It consists “ in 


Brisco pp. 259-260, Lights must not be either too 

strong or flickering as both are dangerous. 

Vernon; Human factor in industry; I.L.B., XIII, p» 681. 
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the avoidance of all air-pipes gained by making all 
inside floor-supporting columns hollow with either one 
or two openings in each hollow column near the ceiling 
of each room, each column air-opening being covered 
by an individual damper.” The damper regulates the 
supply of air in all the buildings and air delivery is 
perfectly apportioned and directed as required. The 
column openings take air at inches water pressure at 
the top from “air-conditions” units.*' The device seems 
suitable for big Indian factories. 

Experts say that the air must move at the rate of 
2-5 ft., per minute. In Illinois, the law provides for 1800 
cu. ft., of air per hour for each person; 
fartorks'.”***^ window and door space on the 

outside must be 1 / 8 of the floor space, and 
these are pronounced as satisfactory minima by experts.’* 
The minimum “ space allowance ” per person should be at 
25 cu. ft. in daylight and 400 cu. ft. in artificial lights. 

As Pigou has rightly insisted minima for working 
environment and conditions must be fixed in all important 
matters of national concern and he specially considers this 
principle applicable to working conditions in factories.” 

Then there remains the question of tempernture. It 
is only suitable temperature which enables the worker to do 
his job efficiently in proper frame of mind. 

Temperature in In cases of too high and too low tempera- 

factories and acci- , . . , , , , 

dents. ture nis work is impeded and ne cannot 

meet the precise needs* of the machine 
operations, thus rendering himself open to injuries due to 
inattention or fatigue. Dr. Haldane discussing the psy- 


20 Ford Methods and Ford shops — Arnold and Faiirote, p. 389. 

2^ For all these estimates I am indebted to Dr. Brisco’s excellent 
discussion, nde chapters 

22 Pigou : I^ectures on Housing (Manchester University, 1913). 
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chological effects of various temperatures says 80 degree F. 
with moderate humidity and 70 degree F. with high 
humidity cause depression, dizziness and headache and as 
these are the ranges of temperature in many parts of India 
where industries are worked, great attention must be paid 
in India to cooling apparatus being used in hotter parts 
to ensure efficient work and least possible accidents. The 
“best working temperature” is found to be 65 to 70 
degree F. with an average humidity of 60 to 70 per 
cent.*® 

In the U. P. the “ Kata Thermometer ” or comfort- 
meter invented by Leonard Hill has been prescribed to be 
used in factories for measuring the 
mete/** relative cooling power of the air, and for 

keeping readings everyday and readings 
are often checked; but “ ventilating, cooling and humidi- 
fying plants ” are necessary in all large tropical countries 
like India.*^ Conditions in India are far from satis- 
factory. 

It is gratifying to note that Ahmedahad has re- 
cognised the need of “efficient ventilating and cooling 
arrangements to neutralise the trying 
Cooling and cUmatic conditionS of that centre.” The 
parauis^Tn cotton tcason is ascribed to the increasing realisa- 
“*1*®- tion by the management of the effects of 

these improvements in securing ‘ ‘ a more 
contented labour force,” and an “ increased production.”*® 


*3 Osborne and Vernon in their experiments at two large shell 
and fuse factories during the war found by a long study for 9 to 
12 months that least number of accidents occurred at a temperature 
of 66 degree F. to 69 degree F., I.L.R., 13. 5. 679. 

s* U. P. Factory Report, 1927, p. 6. 

ss Factory Report, 1927, Bombay, pp. 7-8 and 1929. 

F. 23 
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The mills in Sholapur have installed several special 
ventilating, cooling and humidifying plants that have 
almost revolutionised the working condi- 
Cooiing and re* tions from the point of view of comfort. 

cording apparatus . 

in Sholapur milii. The importance of hygrometer records and 
temperature records cannot be too much 
emphasised and a certain standard of temperature should 
be prescribed in each city for various industries to ensure 
the minimum of accidents.'^ We have emphasised the 
importance of temperature specially for India, as high 
temperature is generally expected to bring exhaustion 
sooner and affect the precision of movements thus causing 
a large number of preventable accidents. 

Slippery floors and dirty conditions often cause falls 
of persons and their getting entangled in belts, pulleys or 
Slippery floors, MOving machinery and must be carefully 
avoided in all corners of the factory. 

Every factory must be equipped with fire-fighting 
machinery. Fires cause huge losses and fatal accidents in 
all countries, and in India fires in cotton 
Fire precsutioiu factorics are common. In Iron and Steel 
mills great danger from fire may result and 
cause many accidents. 

Section 16 of the Indian Factories Act requires each 
factory to be provided with reasonable means, of escape 
from fire and the Factory Inspector can 
^^indiaii require the introduction of any specified 

provisions. dcviccs OF measures in factories. Under 

section 15 the doors of new factories should 
open outwards. Smoking is also prohibited as well as the 
use of naked light inside a factory, (Penalty Rs. 200 for 
offence under each) near “ any inflammable material.” 
But smoking must be entirely prohibited by workers and 


^ Jhid, 
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superintendents inside a factory by legislation, specially in 
Textile factories. Old factories must also be required to 
meet the minimum requirements as soon as possible. 
Losses from fire in America reached the enormous figure 
of $225,000,000 in 1912 in spite of many fire devices adopt- 
ed in that country. Many of these fires are preventable 
and if all possible devices which can be economically 
adopted are enforced, many of the fire accidents will 
diminish to a very small figure. 

How eo prevent The problem of fire prevention consists 

6 « 8 ? ._ 

1. Preventing the origin of fires; 

2. Putting out fires after they occur; 

3. Preventing the spread of fires. 

Combustion is the process whereby substances or indi- 
vidual constituents combine with oxygen and become 
oxidised with the liberation of heat. Decomposition is 
slow combustion. Spontaneous combustion is the cause of 
many fires which is mysterious because it is possible with- 
out any external heat. Such spontaneous fires occur often 
in cotton and woollen mills. The fibrous, porous and 
finely made materials favour spontaneous combustion 
because they are always saturated with oxygen. Oils and 
fats saturated with carbons and oxygen have a tendency to 
spontaneous combustion. Therefore oil-soaked materials 
must not be allowed in any factory except in fire-proof 
iron baskets closed from outside Damp hay, wet excelsior 
rags, straw, all favour oxidation and produce spontaneous 
ignition. Therefore all these and rubbish of all kinds 
must be penalised in a factory under Indian Factories Act 
to prevent the origin of fires for which there is no provision 
yet. 

“ Openings (in sheathed walls) should all be closed so 
as to prevent their acting as fire carriers. Sheathed walls 
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are dangerous.” Presence of suspended dust also produces 
combustion and dusts of all kinds should be removed from 
factory ceilings, walls and floors. Automatic fire alarms 
should be provided to warn the fire department and electric 
thermostats should be compulsory in textile factories. 
Pneumatic thermostats are also used and both give alarms 
at a sudden rise of temperature. “ Safety valves” and 
“ manual alarm boxes ” are other useful devices for detect- 
ing fires.®’ 

Fire drills and fire patrols at least once a week as 
suggested by the Industrial Safety Survey should be made 
compulsory as likely to minimise accidents from fire during 
work. Watching efficiently is very necessary and 
‘ Portable watch clocks ’ recording rounds or stationary 
watch clocks are very useful. 

For prevention of fires “ automatic sprinklers” are 
generally used, but the most efficient one according to 
Dr. Brisco is John Kenlon’s “ Automatic sprinkler 
system ” which kills fire in its incipiency. According to 
one expert 90 per cent of fires in buildings equipped with 
automatic sprinklers can be held in check, if they are 
properly installed. Perforated sprinklers (pipe) and fire 
pails or bucket tanks as used in Indian mills are not so 
efficient and also crude devices to meet fires. 

It is also possible to confine a fire to a limited space. 
There are fire-proof buildings; “walls of brick, stone, 
cement or metal with floors of cement, stone 
pre^v^T or brick, with partitions of ceilings, 

windows, trims and doors of metal or fire 

2’?. P. Brisco: Ibid, (These technical “hre*’ details are 
based on Brisco’s excellent discussion). 

Also vide Watkins: Labour Problems. 

28 In the discussion of Fire Prevention, I have freely borrowed 
from Brisco and Downey to whom all acknowledgments are made. 
— Author, 
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resisting material; and with stairways of stone or metal 
enclosed by fire-proof walls. These buildings should be 
provided with sprinklers, standpipes and chemical extin- 
guishers. Such buildings will reduce the fire loss to a 
minimum and prevent heavy tolls of most serious accidents. 
A wooden stairway is a danger to property and life and it 
must be prohibited in all Indian factories inside and out- 
side as well. There has developed a science of “ fire- 
protection ” which deserves careful study by all 
industrialists. 


A ccidents mainly due to the carelessness of the 
employees : — 

Lack of training has already been suggested as one of 
the reasons for causing premature fatigue. The value of 
a good technical education cannot be 
" careiessneas ” : exaggerated as a preventive of industrial 

a factor in acci- . , ^ , . . 

dents. accidents. Experience and training 

increase the precision of movements and 
their regularity and also increase the attention and interest 
of the worker on account of his understanding of the 
meaning of his operation and its true function in the whole 
scheme. He is therefore less likely to receive injuries 
provided other conditions are good. 

Dr. H. M. Vernon ascribes about 90 per cent of the 
total accidents to “ some sort of carelessness” which is a 
very rough classification covering various items of careless- 
ness.*’ This is evidently an overestimate. Loose cloth- 
ing is obviously most dangerous and must be strictly prohi- 
bited. There is every temptation to use it in Indian 
summers and it is common in Indian factories. 


Veruou: Human factor iu Industrial Accidents (I.L.B., 

XIII). 



182 


THE ALLAHABAD UNIVERSITY STUDIES 


Workman's inexferience at the job increases the 
liability to accidents. The following figures from the 
experience of 88 Illinois firms establish the 

Inexperience s close connection between the length of 

another factor in . , • i - o 

accidents. service and accidents. 35 per cent of 

working population in Illinois incurred 
60 per cent of total accidents when they had less than 6 
months’ experience. In another study of 1000 women 
workers, those with one month’s experience injured 18 per 
cent, those with less than 6 months’ experience injured 
50 per cent ; and about 63 per cent of the total injured had 
less than one year’s experience. The effect of inexperience 
on total accidents must be more conspicuous in India 
where illiteracy reigns supreme Some technical train- 
ing and “practice” classes must be made compulsory to 
give the workers “ machine sense.” “ Dummy -machines” 
have also proved useful in some countries for this purpose.^' 
Ignorance and bad training apart, “ false judg- 
ments ” in the industrial world are fruitful causes of 

False judgments accidents. “ On the one hand ” says 
and overconfi- pigou “ Workmen overestimate the advan- 

deuce. ° i -i i i 

tages of the dangerous, unhealthy and 
fluctuating trades as against safe, wholesome, steady trades 
and on the other hand they overestimate the advantages of 
trades which yield a large immediate wage as against 
trades which yield a smaller immediate wage and more 
training. The reason for these forms of overestimate is 
lack of long vision and failure to see the ultimate effects. 
Dangers of accidents are not seen due to “ overconfidertce 
and a subconscious sentiment inherent in most men that 
they personally are somehow superior to the “ average” 
man situated similarly to themselves. They do not need 

30 Report of Illinois Industrial Survey, 1918, quoted by 

31 Watkins : Labour Problems, p. 602. 

32 Pigou : Economics of Welfare, 1920 edition, p. 651. 
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the machinery to be fenced, their constitution is not so 
feeble as to be affected by bad conditions. This spirit of 
“ hraggadoeio” and a general belief in their own “ good 
fortune ” cause many accidents.'" 

Machinery Accidents. 


General causes 
of accidents in the 
case of young 
workers. 


According to expert opinions of Dr. H. M. Vernon 
and Watkins most of the accidents, are due to carelessness 
and lack of proper appreciation of dangers. 
General confidence of workers in their 
super-normal skill and good fortune 
makes them oblivious of most dangers and 
accidents in the extra-hazardous indus- 
tries.^'* Those resorting to dangerous trades and risky 
industries are as Downey proves “ in the prime of life” 
and their youthful exuberance often leads them astray.’^ 
Lack of judgment and forethought coupled with inexperi- 
ence and lack of training in this group in many cases 
leads to indiscretion at the jobs and accidents thus increase 
enormously. 

“ Nearly all the factors are ultimately human in 
origin but it is useful to draw a distinction between those 
which are due directly to the subject who 
suffers the accident because of his own 
carelessness, lack of knowledge or lack of skill and those 
which are caused indirectly by his employer or some one 
else in authority because of the dangerous conditions in 
which he carries on his work. Accidents due to unguarded 
machinery would fall in this class but probably they form 
but a small portion of the whole. 


A distiDctioD. 


33 Pigou : Economics of Welfare and H. M. Vernon : Human 
Factor and Industrial Accidents, I. L. Review, Vol. 13 (5th May, 
1926), p. 674. 

^ Downey : ihidn 
35 Ihidn 
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Out of 162,154 factory and workshop accidents in 
Great Britain only 53,941 or a third of the whole were 
attributed to machinery, and not more than 
Causes of aoci- 35 per Cent of these machinery accidents 

dents in Great i i i on t 

Britain. Were causcd by absence of safeguards. 

“ Hence it was concluded that the provi- 
sion of more adequate safeguards could be expected to 
cause a reduction of not more than 10 per cent in the 
accident rate. The remainder of 90 per cent were due to 
inexperience, inattention or inappreciation of danger — 
which are difficult to disentangle from each other.” 
Statistics have clearly proved that machinery accidents are 
less than ^ of the total and they are “ probably the more 
serious cases,” therefore receiving special attention of in- 
spectors. An examination of the latest Bombay and the 
United Provinces factory reports shows the same tendency 
in India but as safeguards and devices, have not been yet 
so widely adopted in India the number of machinery 
accidents is much greater in India. 

“ The first and most urgent work of the inspectors is 
to bring constant pressure to bear with a view to improve 
standards of safeguards and safety.”®® 
Influence o f Gne of the methods of achieving this object 
factory mji^torftte agreements” between eraploy- 

acouients. gj.g workers defining the safety 

measures to be adopted and mutual obliga- 
tions of the parties concerned like the Sheffield Rolling 
Mills Agreement.®’ This is not the case in India but if 
it is found practicable to adopt this system, it would be 
useful in reminding operatives of their duties and increase 
the use of safeguards and devices often neglected by 
workers. 

•''* Bellhouse : Factory Report, Great Britain, 1918. 

Annual Report, Chief Inspector of Factories, Great Britain, 
1922 (I. L. R., Vol. 9, 667). 



INDUSTRIAL FATIGUE, ACCIDENTS, AND WELFARE 185 

The problem of Factory Inspection received special 
attention at the 5th session of the International Labour 
Conference which defined its. sphere of 
Efficiency of the action. One of the recommendations of the 

factory inspec- „ • ^ i 

torate. conierence was to appoint only those as 

factory inspectors who were technical 
experts “ that in view of the difficult scientific and techni- 
cal questions which arise under the conditions of modern 
industry in connection with processes involving the use of 
dangerous materials, the removal of injurious dust and 
gases, the use of electrical plant and other matters it is 
essential that experts having competent medical, engineer- 
ing, electrical or other scientific training and experience 
should be employed by the state for dealing with such 
problems.” 

But one difficulty is to ensure that general technical 
training of inspectors however thorough may keep pace with 
continual changes in technical processes in 
increasing specialisation. In course of 
time therefore it may be necessary to carry 
technical specialisation in the inspectorate to a much 
higher point than is generally found necessary at present. 
The number of the inspectorate must not be unduly 
increased to have too many and repeated visits of the same 
factory by different inspectors. The creation of a Special 
Health Service is very desirable. The employer is protect- 
ed by one of these recommendations from ‘ ‘ disclosing the 
industrial secrets.” Inspection is also permitted by 
accident insurance institutes interested in the factories. 

In India the technical qualifications of inspectors are 
generally good, but few of them have any medical experi- 
ence which is desirable. Women inspectors are few, and 
they should be specially charged to inspect factories with 
a large number of women workers. Industrial diseases 
are seldom emphasised in India probably because of the 

F. 24 



186 


THE ALLAHABAD UNIVERSITY STUDIES 


medical inexperience of the inspectorate. There is a most 
regrettable lack of proper co-ordination and uniformity 
between the factory inspection and reporting in various 
provinces due to the want of a Chief Inspector of Mines 
for the whole of India as there is one for the whole of 
Great Britain. The great importance of a Chief 
Inspector for the whole India cannot be too highly 
emphasised. 



IV. THE PROBLEM OP INDUSTRIAL FATIGUE 


Tasks in various industries are not scientifically 
planned and adapted to the capacity of each worker, and 
hours are arbitrarily fixed 1^ employers or 
legislation. The tendency in all indus- 
trial countries has been to attempt a 
gradual reduction of working hours. Still hours are 
considered too long by many students and it has been 
definitely suggested by Schulze-Gavernitz and some others 
that industrial efficiency and productivity even, will 
increase by a reduction of hours. ‘ 

Let me quote the latest example, that of Soviet Russia ; 
and examine the effect of reduced hours on productivity. 

The 12 and 14 hour day of pre-revolu- 
tionary Russia was abolished immediately 
by the Soviet Government and 8 and 7 
hours for day and night workers were prescribed as 
mamma for manual work; and 5 and 6 hours mamma for 
night and intellectual workers, with a weekly rest for all 
workers of uninterrupted 42 hours.* This is a most 
astounding and vast experiment of reduced hours by a 
whole nation, if we accept the facts substantiated by 
Hardy and Nearing. A fortni^tly anntuU vacation with 
full pay after 5^ months’ work is also prescribed and over- 
time is ordinarily not permitted. Yet the “ index of 
productivity,” 100 in 1922, rose to about 210 in 1926 if 
figures are correctly given, which allowing for other changes 


1 Hobson: Evolution of Modern Capitalism. 

3 Hardy and Scott Nearing: “ Economic Organisation of the 
Soviet Union,” 1927 (page 170). 
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of scientific planning, is nevertheless marvellous and 
speaks much in favour of reduced working hours.'* 

Long hours and absence of relaxation must result in 
fatigue, exhaustion and flagging of attention and each of 
these obviously tends to increase the possibility and fre- 
quency of accidents. Long hours are positively injurious 
beyond a certain point in their effect on the total output as 
was found out in England by many industrialists during 
the War. 

“ After the first feverish rush it was found that in 
at least two important districts (Leeds and Glasgow) 
employers refused to allow overtime even 
Bad effects of though the men were willing to work.” 

long hours on out- . • -j 

put. ihe experience of a crown factory is said 

to be that “ any lengthening of the day beyond 
6 p.M. and a total of 8^ hours’ work daily, exhausts 
the workers and isi of no advantage in increasing output. 

It was found by a wholesale clothier 
exMnpies* * ‘ ® ** employing a thousand women on Govern- 
ment contracts that any work beyond 8 a.m., 
to 8 P.M. , “is quite useless, it exhausts the workers and 
does not pay.”** Another factory with 2000 women and girls 
is quoted by the Factory Inspector in 1914: as reducing the 
hours from 7 — 6 to 8 — 5 and “ output remained the same.”® 
“ This firm have been working overtime continuously for 
some months ” a firm is quoted reporting, ‘ ‘ but have found 
it absolutely necessary to stop it for a week as the strain 


3. Ibid -.See the diagram ou p. 171 on “Dynamics of Pro- 
ductivity (Hardy and Nearing: Ibid.). 

N.B . — In view of conflicting evidence it is not safe to lely on the facts about 
the conditions in the Soviets for any scientific conclusions, despite the valuable 
testimony of the learned authors, though economic progress of modern Russia is 
undoubted. 

Proud : Welfare Work, p. 152. 

5 Factory Inspectors’ Eeport, 1914, Great Britain. 

® lhid», p. 67. 
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was becoming too great and the number absent through 
illness was so large.”’ 

Similar things happened in the woollen and worsted 
industry. We have therefore good ground for concluding 
that long hours and overtime are generally injurious to 
total output, after a certain 'point and are positively 
harmful by causing the nervous exhaustion of the workers. 
They increase their liability to accidents and make them 
more prone to diseases. If the hours are long and there 
are no proper rest pauses workers are found staying longer 
in dirty latrines to recuperate from the effects of 
exhaustion . ‘ ‘ That they do sometimes stay longer in these 

places than necessary, is of course well known to me, but 
to my thinking it only shows how great the strain is on 
women and girls that they should desire rest so obtained.”® 
“It is normally cheaper for an employer to run his 
machine 9 hours instead of 10 for the same output ” but 
the effect of short hours on workers depends on the absence 
of speeding up, and a provision of proper rest pauses. 

“It is inconceivable ” says Miss Proud, “that with 
properly adjusted intervals for rest it is less strain for a 
' worker to produce the same quantity in 
Effects of Fall- a iiine-hour day than in a ten-hour day.”® 

gue and nervous ^ - . . . p i 

strain of the nation. Jixcessive Strain tatiguc and nervous 
exhaustion have a bad effect in worker’s 
efficiency and national productivity in which the employers, 
employees and the nation are all interested. As these 
causes increase accidents and human loss, employers are 
made to compensate at great cost for the extra injuries 
beyond the normal limit, suffering huge economic loss which 
they shift to the community. The community must there- 
fore see that accidents are kept at the lowest possible point 

f Ibid. 

® Factory Inspectors’ Report, Great Britain, 1913, p. 81. 

8 Proud : Welfare Work, ' 
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by enforcing as short hours in industries as possible and 
provide proper rest pauses and limits of overtime. 

Fatigue and exhaustion. Fatigue is “ a sensation, the 
result of work carried beyond the capabilities of organism.” 

All muscular movement causes “ oxida- 
tion ” which throws toxic impurities of a 
poisonous character into the blood. After 
a certain point further addition of these is injurious and 
a feeling of fatigue is nature’s signal “ to cease the 
accumulation of further waste products.” If this warning 
is not heeded and “movement” is continued, exhaustion 
or overfatigue follows and death may come in at a further 
stage. Exhaustion makes the muscles immediately 
“ rigid ” and “ putrification starts.” “ Work is performed 
at the expense of nutrients stored within the muscles and 
of oxygen absorbed from the blood ” and when this reserve 
force is consumed precaution to restore the reserve force 
by sufficient recuperation is essential. 

“ The toxic impurities produced during work circulate 
in the blood and act upon the nerve endings in muscles and 
upon the grey matter of the brain. They 
on*u»*orgamsm!”* diminish the contractibility of the muscles 
and render them less responsive to nerve 
stimuli by poisoning the large nerve cells in the grey 
matter of the brain. The result is that attention flags 
and the rhythm of movement becomes less regular. 
“ Headache is the sign of brain fatigue and sleepiness that 
of the physical ” and both these are sure to increase the 
number of accidents. 

Fatigue reduces the power of the brain to “ remit 
volitional impulses ” and hands and fingers easily slip into 
dangerous portions of the machinery causing serious 
injuries to limbs which leads to enormous compensation 
claims. (For the loss of hand, the equitable compensation 


1®. Brisco : Economics of Efficiency, pp. 180—83. 
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is said to be 50 per cent of wages as the rate for life 
pension. )“ The flagging of attention diminishes precision 
of movements and is one of the great causes of accident.** 
‘ ‘ There is an immediate relation ” says Dr. Brisco, 
“ between fatigue and industrial accidents. Experts have 
proven that the greatest number of accidents occur between 
10 and 11 in the morning and 3 and 4 in the afternoon 
just when workers are a little over the middle of the work 
spell. 

“ Long hours and overfatigue are two important 
factors of inefficiency and leading causes of accidents.”** 
“ S feeding -uf ” the result of Taylorism or 
citote piece-work and overtime bonuses is sure to 

bring fatigue and exhaustion without 
proper precautions*'' and they are likely to increase 
accidents, and inefficiency also in some cases as was 
Britain’s experience during the War.** “ Scientific 
management ” and overtime must therefore be kept within 
strictest limits if accidents are to be reduced. 

Hoiv to diminish fatigue? The body purges itself of 
toxic impurities during repose and if scientifically regu- 
lated rest pauses are provided the toxic 
faogiw/° accumulations are normally burned up by 

“ oxygen brought from the blood excreted 
by the kidneys, destroyed by the liver and cast off from 
the body through the lungs.”*’ An important factor in 
efficiency and accident prevention is precautions “ to make 
certain that recovery through rest is complete.” 

The efficient cycle should be, work to the period of 
sensation of fatigue and sufficient rest to repair the body 

Downey: Ibid., p. 52, Schedule. 

12 Brisco : Economics of Efficiency, p. 82. 

13 Ibid., p. 188. 

14 Ibid., p. 263. 

15 Pigou : Economics of Welfare. 

1® Factory Inspection Report, 1914, G.B. 

1’ Brisco : p. 183, 
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of its losses.** Relaxation and amusement are important 
factors in increasing efficiency and the power of resistance 
to the toxic impurities. Training and technical education 
of the worker also increases this, resistance power and 
postpones the “ point ” of fatigue by increasing the 
ability to work longer. 

It is hard in many cases to distinguish between real 
and false fatigue. William James says “ We live subject 
to arrest by degrees of fatigue which we 
come only from habit to obey. Most 
of us may learn to push the barriers 
further off and to live in perfect comfort on much higher 
levels of power.”** Many persons acquire the habit of 
easy surrender to fatigue, and training will push the 
barrier further. 

Periods of work and relaxation must be arranged in 
the right cycle by a careful study of the climate, the nature 
intensity and environment of work and the racial qualities 
of the workers and no hard and fast rules can be laid 
down. Everything done to reduce fatigue like good sitting 
arrangement when work permits it and delivery of suffi- 
cient tools, and materials direct to the worker by 
automatic feeds, should be encouraged. It is likely to 
improve his productivity and lessen chances of accidents. 

Anything which tends to bring lack of co-ordination 
between the speed of machinery and the precision of 
muscular movement will tend to increase accidents. 

Alcohol and stimulants as antidotes to fatigue are 
commonly justified by ignorant workers and in India the 
curse of tobacco is also rampant for 
similar beliefs. But these stimulants do 
not increase resistance to the toxic 
impurities but really diminish it. The use of toddy and 

18 Ibid., p. 183. 

1* William James; “ Energies of Man ” (An essay). 
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arrack in Madras has been found to have a deteriorating 
effect and its sale about the factory has been lately Sitopped 
by the Welfare Committee of the Buckingham and 
Carnatic Mills.2<‘ Stimulants generally speaking diminish 
efficiency whatever the belief of the workers. They only 
have a psychological value to certain extent and in most 
cases tend to diminish the fatigue-resisting power and 
their productive efficiency. 

The sensation of fatigue may temporarily be driven 
away by drinks— alcohol, toddy, beer, etc.— but it is in the 
end a greater drain on the reserve force as is proved from 
the protracted experiments of Dr. Voionama published in 
the I.L.R. Stimulants are like a whip in that they urge 
on the mUwScles and cause more rapid contraction. The 
extra drain resulting from drinks requires a longer period 
of recuperation to drive fatigue and the worker is often 
put in an abnormal frame of mind ‘‘causing uncertain 
muscular control;” it “frequently leads directly to 
accidents and injuries.”^ 

The “ efficiency ” movement has put a ban on the use 
of alcoholic drinks in or about a factory. According to 
some authorities., beer and certain other types of liquor 
stimulants are not positively injurious if taken in 
“ moderate ” quantities. But this “ moderate ” dose often 
proves illusory in practice and is seldom adhered to. In 
any case it is. almost safe to say that most of the liquor 
stimulants seem in no way positively useful in their effect 
on the nerves and physical strength of the worker, though 
they may not be positively harmful in their immediate 
results. 

Buckingham and Carnatic MUIr, Madras, Report on Wel- 
fare Work, 1927, p. 4. 

Brisco : “Economics of Efficiency” and I.L.R., 1927, — 
article by Dr. Vernon. 

22 Brisco : 76id., Chapter on “Working Conditions.*’ 

F. 25 



194 


THE* ALLAHABAD UNIVERSITY STUDIES 


Tobacco and “ charas” and ganja” must be 
strictly prohibited inside all Indian factories. Temperance 
lectures and clubs and the provision of 
cheap nourishing refreshments will con- 
siderably increase the efficiency of the 
Indian workers and remove these bad habits in so far as 
they are due to ignorance to a great extent. 

THE PROBLEM OF FATIGUE, IN RELATION TO 

INDUSTRIAL EFFICIENCY AND CAUSA- 
TION OF ACCIDENTS 

The phenomenon commonly known as fatigue has an 
intimate causal relation with industrial accidents and 
therefore has serious repercussions on 
aiwenu*' industrial efficiency. In fact the study of 
industrial accidents in its psychological 
aspects is in the main concerned with investigations into 
the causes of fatigue and its reactions on the working 
capacity of the labourers. Therefore some discussion of 
the phenomena known vaguely in popular parlance as 
fatigue” and “efficiency” is necessary in order to 
appreciate properly the problem of Accidents. 

Fatigue may be considered as a physiological or as a 
psychological factor; but the initial basis of fatigue is 
physiological ; and its psychic effects which mar a worker’s 
efficiency are the sequel of the physiological changes which 
induce fatigue in the working organism. 

To understand the physiological .structure or 
‘ ‘ chemistry ” of fatigue we must know something of the 
functions of the body and the chemical 
fatigue*'”"*'^ changes which appear internally while the 
body is engaged in activity. “ The struc- 
tural basis of all tissue, muscular, nervous or connective 
is the cell, and the life of the tissue. consists in chemical 
combination of protoplasm or substance of the tissue cells 
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with the nutritive materials derived from food-stuffs and 
the oxygen of the air. The destructive property of the 
cell that indeed which makes it living is the power of 
taking to itself and converting to its own substance 
materials which are not living.”® 

This double process, the casting off and working up, 
goes on simultaneously, as Sir Michael Foster, once 
graphically described, “ some of the capital of the living 
material is always being spent, changed into dead waste, 
some of the new food is always being raised into living 
capital.”^'* There are therefore two contradictory processes 
— assimilation or Anabolism, and dissimilation or 
Katabolism. The combination of these two processes in 
certain ways results in Metabolism or life-process which 
is theoretically the result of an equilibrium. “It is in 
these metabolic changes and the disturbances in metabolic 
balance that we must turn for a true explanation for the 
phenomenon of Fatigue.” 

“ As soon as metabolic balance is. destroyed, the 
organism becomes clogged with its own poisons, exhaustion 
results and health is impaired. The physiological normal 
phenomenon of fatigue becomes, pathological or abnormal 
exhaustion. Health, even life itself depends on the 
metabolic balance.”® Hunted animals drop dead on the 
chase on account of sheer effects of the self -generated 
toxins produced during intense activity “ Poisons are 
more and more heaped up ” says Foster in this connection, 
“ poisoning the muscles, poisoning the brain, poisoning the 
heart, poisoning at last the blood itself, starting in the 
intricate machinery of the body new poisons in addition to 


® Goldmark ; l*’atij>‘ue and Efficiency, p. 11. 

® Sir Michael Foster: Weariness, Bede Lecture, Cambridge 
University, 19th Century, xxxiv, 199. 

® Goldmark : Ibid., p. 200. 
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themselves.”* The ‘ hunted hare run to death dies, . . . 
because a poisoned blood poisons his brain, poisons his whole 
body.’ In such animals the blood is found ‘ loaded with 
chemical action; ’ and death is followed with “ abnormally 
rapid putrification and rigidity of the muscles.”'*'’ 

With men such death from over-exertion is rare in 
modern times. Professor Peirraccini, an Italian patho- 
logist, gives two good examples from Algeria, two Algerian 
runners fell dead on arrival, one after covering 192 
kilometers in 45 hours, the other 252 kilometers in 62 
hours. Abnormally rapid putrification and muscular 
rigidity after death were noted, and death was declared 
to be due to the “ excess of fatigue.” 

“ A tired person ” as Miss Goldmark has remarked 
“ is literally and actually a poisoned person, poisoned by 
his own waste products. But so marvellously is the body 
constructed, that like a running stream, it purifies itself, 
and during repose these toxic impurities are normally 
burned up by the oxygen brought from the blood, excreted 
by the kidneys, destroyed by the liver or eliminated from 
the body through the lungs.”* These toxins of fatigue 
can be subjected to chemical analysis in laboratories and 
their nature has been thoroughly ascertained. Metabolic 
poisons in one set of muscles also affect other muscles. 

Similarly they also act on our nervous system — on 
nerve endings in muscles and the central nerve cells. 
There is a metabolism of the nervous system itself. So 
the nervous fatigue is ascribed to the same double origin 
as muscle fatigue-accumulation of toxic waste* and consump 


Foster Sir Michael : Weariness, Bede Lecture, Cambridge 
University, 19th Century, Vol. 34, p. 1. 

^ Peirraccini : Patalogis del Laboro : Milan, p. 18, 1906, 
quoted by Goldmark. 

Brisco: Ibid., ante. 
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tion of energy-yielding substance ® The fatigue in our 
complicated nervous system cannot be so easily measured 
and registered as muscular fatigue upon a revolving drum. 


THE NERVOUS SYSTEM. 



Central Nervous System. Peripheral Nervous System. 



Afferent (Carrying impulses from nervous Efferent (Vice Versa), 
system to peripheral tissues). 



1. Motor nerve fibres. 

2. Sensory Fibres, 

3. Fibres conveying 


carried impulses. 


reflex stimuli due to inward 


“ There is profound disagreement among scientists as 
to what part of the nervous system first succumbs after 
excessive exertions. Nerve fibres — carriers 
det^* of energy — are not readily subject to 

fatigue.” “Varied experiments have 
proved that their normal functional activity may be carried 
on to indefinite extent without causing fatigue.” In this 
experiment the passage of ne?ye impulse to the muscle has 
to be blocked somewhere. By the use of Curare, a 
South American arrow poison, the passage of the electric 


* Howell, W. H. : Text-book of Physiology, 1908, as quoted 
by Goldmark. 
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stimulus to the muscle is blocked, the poison affecting the 
terminations of the nerves or motor end-plates and pre- 
venting their transmission of impulsesi to the nerves. 
“By the use of curare then the sciatic nerve has been 
continuously stimulated for as long as ten hours.” When 
the effects of curare were removed (in a few minutesi only) 
the nerve was still found functioning and the muscle 
responding.®* 

The Newman Committee on Fatigue observe, “ In the 
conducting nerve fibres fatigue may be said not to occur ” 
and it is not discernible and the recovery may be too quick 
though the other two “the initiating and distributing” 
nerves of the brain and spinal cord are more quickly 
fatigued than the contracting muscles.”®'^ 

“We have experimental evidence” says Dr. C. S. 
Myers, Director of National Institute of Industrial 
Psychology, “ that whereas nerve fibres are virtually in- 
defatigable, the end-plate — the structure in which nerve- 
fibre terminates at the muscle fibre — is more readily 
fatigued than the muscle fibre itself, blocking the trans- 
mission of the impulse from nerve to muscle at a time when 
the muscle fibre is still responsive to stimulus applied to 
it directly.”®® After protracted muscular activity the 
brain and spinal cord tire first before the muscle. “ Thus 
after a finger-muscle has become so fatigued by the egro- 
graph that it can no longer lift a given weight it can be 
made to do so by electric stimulation. The muscular 
mechanism is still in working order at least, for a space of 
time.” “ After some time even this electric stimulus can- 

®® Op. cit., p. 111. 

®* Goldmark, op. cit. 

®* Newman Committee Report on Fatigue, Memo., Ministry of 
pp. 37—39. 

®® C. S. Myers : Industrial Psychology in Great Britain, 
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not contract the muscle . . . apparently the muscle has 
not entirely lost its power of contraction when it can no 
longer materially contract. According to this theory what 
seems to be muscular fatigue is in reality nervous 
fatigue “ It is well-known that a man apparently run 
to a stand-still . . may upon some new excitement in a 
race run freshly again under augmented stimulus from the 
nervous system.”® 

According to Hodge demonstrable histological changes 
take place in the brain and the spinal cord of animals after 
prolonged activity, as is clear from labora- 
Some fatigue tory experiments. Mosso drew the atten- 

experiments by. t/. • • i i • 

Mosso and Hodge, tiou to marked modincations in the brains 
of exhausted birds and describes the 
results of his fatigue tests on military carrier pigeons of 
the Italian Ministry, and also of his study of wearied 
birds who come to the Italian shores each year from Africa 
in large numbers, hundreds of whom are killed exhausted 
by their journey, dashing themselves in plain daylight 
against walls and houses.*” “ Mosso considered their 
impaired vision due to cerebral anaemia found in birds 
exhausted by long flights. Mosso shows later in his 
treatise that the diminished circulation of blood affects the 
functions of the nervous tissue in man.”” 

“ A few seconds pressure of eyelids lessening the 
blood-supply is enough to distort vision and a “ diminish- 
ing of the brain’s blood-supply is followed by loss of 


Goldmark, op. cif., p. 30. 

® Newman Committee Keport on Fatigue, Memo. 7, My. of 
Munitions. 

Hodge, C. F. : Ameriea. Journal of Psyehology, 1887-88, 
Vol. 9, 1 ; p. 479. 

Mosso, Angelo: La Fatica; Milano, 1891, Eng. Trans., 
pp. 1...29, 72-3. 
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consciousness after six or seven seconds.”^* Other more 
recent investigations throw some measure of doubt upon 
this fatigue of the central nervous system, says Goldmark, 
but she is a bit back-dated in her views, though the 
precise location of the nervous fatigue is a matter of great 
uncertainty. 

According to some investigators the part to tire first 
in our neuro-muscular mechanism is the nerve-ending in 
the muscle or the motor end-plate.^'-’ 
Comparative fati- Dr. My SI'S seems to agree with this view. 
Irn’organe ** Yet it must be understood that the un- 

certainty of scientists as to the precise 
location of nervous fatigue does not touch 
the acknowledged fatigability of some portion not yet 
completely verified of our nervous endowment.” Thus 
Professor Frederic Lee who most strongly inclines to the 
view that central cells are more resistant than has been 
supposed, specially states that “ nervous fatigue is an un- 
doubted fact ” and that we cannot deny fatigue to 
“ psychic centres ” though the “ intimate relations of 
central and peripheral fatigue are much in need of exact 
experimental study.”'*® 

For our purpose it is enough that nervous fatigue is 
an “ undoubted fact,” be it central or peripheral, as a 
“ relentless fact, reacting inexorably on 
Nervous fatigue our total health and life.”'** It is the form 
fact.” of fatigue most fraught with mischief for 

when fatigue affects the nervous system it 

38 Ihid* 

3^^ Muller, G. E. : Zeitschrift fur psycliologie und pysiologie 
der sinnesorgaane, 1893, Vol. IV, p. 122. 

Cf. Storey, T. A. : Amer. Journal of Psychology, Vol. 8 
1903, p. 355, and Joteyko, Mile, Fatigue; Eichet Dictiony. de 
psyehologie; Paris, 1914. 

Harrey Lectures : Lee, 1906-6, p. 180. 
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attacks what has been called “ the administrative instru- 
ment of the individual ” which as Goldmark says “ directs, 
controls and harmonises the work of the parts of the 
organic machine and gives unity to the whole. 

According to Sir George Newman, “ Fatigue is the 
sum of results of activity which show themselves in a 
diminished capacity for doing work.”*® 
of^aT^e.'* definition of fatigue is a bit too wide 

for a diminished capacity for doing work 
may be the result of other factors external and internal 
which may not necessarily be due to any physiological and 
nervous changes in our system. The Newman Committee 
emphasised that “ bodily sensations ” are a “ fallacious 
guide to the true state of fatigue and a very inadequate 
measure of it.” Fatigue in its true meaning advances 
progressively and must be measurable at any stage by a 
diminished capacity for work, before its signs appear 
plainly or at all in sensation.” 

Fatigue in its essential feature is not the sequel of 
“ the simple using up ‘ exhaustion ’ — of substances supply- 
ing the chemical energy, liberated during work, but upon 
the accumulation within living elements of the products of 
chemical changes involved.” “ Fatigue of the animal 
machine is not to be compared to the factor of fuel in the 
steam-engine or with the run-down of a clockweight, but 
rather with the clogging of the wheels in some mechanism 
by dust.”** 

Activity in the human body is the result of changes in 
three groups of parts — “ first the complex nervous 
mechanism of the brain, concerned in the initiation and 


Goldmark, op. dt. 

43 Ministry of Munition Report on Industrial Fatigue by 
Newman Committee (of Experts) : Memo. No. 7. 

44 Ibid. 

F, 26 
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distribution of impulses to action; second, the nervous, 
which conducts the impulses to muscles and third the 
muscles themselves which by contracting finally perform 
external work.”*® 

We have already considered muscular fatigue in its 
various aspects and we shall now turn to nervous fatigue 
and psychic fatigue. We must however 
psySirfotig^e”^ beware* from making any strict compart- 
ments between the muscular and nervous 
fatigue. “ We cannot get definite limits where nervous 
fatigue ends and muscular begins and vice versa.'^ They 
are inevitably bound up together, since every muscular act 
is due to the stimulus received through the nervous from 
the central nervous system.*® We know little of the 
nature of the nerve impulse, or energy except that some 
form of electric activity is involved. Though the origin 
of the nervous impulse is shrouded in mystery, it is certain 
that the level of ” nervous endurance and resistance ” 
will be lowered by “ excessive pressure ” upon them. 

“Nervous energy” says Goldmark “ is not only the 
stimulus of muscular action, but the controller of all our 
functions ; the very pulse of the machine.” Hence nervous, 
fatigue and exhaustion is the most destructive because the 
most inclusive form of fatigue.*’ 

According to the Newman Committee, “ fatigue is 
not clearly associated with the muscles.” “ The fatigue 
is the fatigue of the nervous system, though in sensation 
its effects may be referred to muscles themselves.”*® The 


Ibid, 

^6 Goldmark : op. cit. 

Goldmark : Ibid. 

'*8 Newman Committee Report on Industrial Fatigue : Memo. 7, 
(Ministry of Munitions). 
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real “ problem of fatigue ” is that of the “ fatigue of the 
nervous system and its direct and indirect results.”*® 

Industrial and Mental Fatigue. 

Industrial Fatigue is the most pervasive type of 
Fatigue though it differs of course in various industries 
according to the intensity and length of the operation and 
the type of work involved. Industrial Fatigue affects the 
workers’ muscles, nervous system and the mind. In 
muscular fatigue, too much concentration of lactic acid 
is the chief factor, and its too much concentration prevents 
its reconversion into Glycogen.®" 

In Nervous Fatigue, “ the end-plate in which each 
nerve terminates at the muscle fibre becomes unable to 
transmit from the nerve to the muscle the impulse which 
alone can initiate activity.” It must be noted however 
that nerve fibres themselves are virtually indefatigable.®" 

In Mental Fatigue the tired mind sometimes loses 
control of its less amiable thoughts and feelings, and gives 
vent to repressed sentiments and ideas. There is worry, 
irritation and boredom; and if there is no relaxation or 
relief by a rest-pause, it may result in “ general listless- 
nese and ennui.”^ 

According to Myers, Industrial Fatigue is due to 
“ inhibitory nervous impulses ascending from the muscle 
to the Central Nervous System.” Some of the^ ascending 
impulses affect consciousness in the form of discomfort, 
pain or cramp, and others only prevent voluntary move- 
ment, and result in preventing the delicate co-ordination 
of movement.®* It is so very difficult to exactly define 

Ibid, 

^ Industrial Psychology : Home University Series, pp. 61 — 64 
and Knight by Myers. Knight's article in the above book, 
p. 63. 

51 C. S. Myers : Industrial Psychology in Great Britain. 
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Industrial Fatigue, as it is a complex phenomenon, 
depending on the varying effects of psychic factors, like 
incentive, excitement and nervous suggestion. Of its 
effects we have much evidence and knowledge, but not so 
of its intrinsic nature. Useful results have been obtained 
by Researchers by the study of the curve of output, minute 
by minute or every five minute for an hour or more. 
According to Myers, this has shown the presence of vari- 
ous psychic factors which he classifies as follows : — 

(o) “ Incitement ” or initial incentive with which 
the work begins and which affects the inten- 
sity of the work at the start. 

(6) “ Settlement ” — the warning up of the subject 
to his work after he has been withdrawn from 
it, the recovery of lost rhythm and neglect 
of distracting conditions. 

(c) “ Spurts ” — of which “ the most striking are the 
initial spurt when the subject starts fresh to 
his work, and the end spurt when he realises 
that the end of his work is approaching.”^^ 

There also are found at times temporary “ depressions ” 
which result in loss of efficiency for causes other than 
fatigue, for instance, domestic worries, etc. 

Knight says in his excellent paper on “ Work and 
Rest ” that the only safe guide in diagnosing Fatigue is the 
WORK CURVE — a graph showing variations in workers’ 
efficiency from day to day, week to week, or hour to hour. 
“ The so-called direct tests of Fatigue are of little use. 
They are all vitiated by the fact that we know so little 
about the essential nature of Fatigue. 

There are certain important objections against the 
general applicability of these experimental results to 
actual industrial life. Conditions of the laboratory under 
controlled conditions are far removed from work-a-day 

52 Myers : Industrial Psychology in Great Britain. 
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life. “ The movement of an egrographic subject are most 
forceful and extensive to the widest point,” and this is 
not so with an ordinary factory worker. Then muscular 
fatigue in a factory cannot be isolated from factors like 
“ skill and intelligence ” which depend on the proper 
working of the higher nervous system. Then there may be a 
fundamental objection which should eliminate this fatigue 
factor somewhat. “ The ordinary worker regulates his 
energy according to the period he has to work and his out- 
put is regulated according to his^ anticipations of 
Fatigue.”®^ The last point however is not really of much 
intrinsic importance, for no worker generally makes such 
a deliberate calculation in regulating his. speed of work, 
which is governed .very much by the atmospheric condi- 
tions and the type of supervision in the factory. Despite 
these objections which must be made allowance for, in 
applying the results of Fatigue Research to a particular 
industry, we have to depend on the results obtained from 
typical cases. We have to remember that the results must 
require modification with any changes in the concrete 
conditions which obtained under the original observation. 

Timie of Accidents. 

The distribution of Accidents according to time of the 
day, or the diurnal frequency of Accidents is a very 
interesting and fruitful study. It specially 
Hourly f r e- indicates the working of fatigue and other 

quency of accidents i ■ c o , , 

and fatigue. psychic lactors, so lar as they affect the 
workers’ efficiency and consequently the 
industrial output. The various studies of the diurnal 
and hourly variations of accidents show “ considerable 
resemblance to one another. In this connection one cannot 
dispense at present with the special study of these accident 
variations according to hours of the day made by 


53 Myera : Industrial Psychology, H. U. S. and Knight, p. 64. 
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Dr. Vernon, in the Shell and Fuse factories for a very long 
time during 1915 and 1916. 

“ In the morning spell of work which usually lasts 4| 
or 5 hours the accidents occurring in the first hour ” says 
Dr. Vernon, “ are infrequent. In succeed- 

Morning spell. . _ *11 , ^ 

ing hours they rise rapidly till they reach 
a maximum in the last hour but one of spell, whilst in the 
last hour they may fall off somewhat. This fall is due 
partly or wholly to the fact that the workers are apt to 
knock off a few minutes before the end of the spell and 
make preparations for departure. Hence we are justified 
in saying that having regard to the work done, the accident 
frequency tends to increase throughout the morning work 
spell, and it may be two to four times greater towards the 
end of the morning than it is at the beginning.”^ 

“ In the afternoon work spell,” continues Vernon, “ it 
is steadier than in the morning but usually it starts rather 
low in the first hour, works up to a 

Afternoon spell. . . • i i n i 

maximum in the middle oi the spell and 
then falls off.” It has often been considered that these 
variations are due chiefly to Fatigue factors; but on careful 
study of the data it is difficult to account for these varia- 
tions in accident frequency by suggesting Fatigue to be the 
prime cause. Because, as Vernon suggests, this Fatigue 
must increase gradually during the course of each work 
spell and “ the beginning of the next may be due to the 
recuperative effects of the meal hour. Undoubtedly most 
industrial workers do get moderately fatigues by their 
daily round of work, but it appears that as a rule, this 
Fatigue is not sufficiently marked to account for more than 
a small fraction of the diurnal rise of accidents.” “ This 
statement ” observes Vernon, “ is substantiated by observ- 

** I. L. R., Vol. XIlI/5, Vernon’s article; Human Factor in 
Industry, pp. 674 — 84. 
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ing what happens to accident frequency when the workers 
are on night shift instead of on the day shift.” 

During the Great War, there were various oppor- 
tunities for making controlled observations in the Govern- 
ment Factories, and we give below the results of some very 
important investigations made by Dr. Vernon at a large 
Fuse Factory having 10,000 workers during the Statistical 
period 1916-17, working during the Day Shifts for a 5 
hours spell, and in the Night Shift for three spells of work 
of 4^, 3^ and 3 hours each. A regular study of the cuts 
and injuries during this period indicates that there were 
33,251 cuts and 1,772 Eye injuries. “ They were at a 
minimum at the beginning of the morning spell, and 
rapidly rose till they reached a maximum at the end of it. 
They did as a matter of fact fall off during the last few 
minutes; but in these data the accidents occurring during 
the first and last hour have been ignored, because they 
were influenced so much by the workers not having settled 
properly to work. In the afternoon spell the accidents 
were more numerous than in the morning and they first rose 
and then fell in the men though they fell steadily in the 
women.”®® 

During the night shifts the accidents were not at a 
minimum during the first work spell (as in the day 
shifts); but they “were at or near a maximum and 
then gradually fell.” “ They continued to fall for most 
of the night, and in the last work-spell were only two-thirds 
as numerous as the first work-spell. That is to say that 
the very same workers when they changed from day to 
night shifts, showed a complete reversal of accident 
frequency.” Similar results were observed with other 
groups of Munitions workers in England and America. 


®® H. M. Vernon : Human Factor in Industry, I. L. E., Vol. 
XIII/ 5, pp. 676—80. 
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We are plotting these results of the Statistical studies of 
Dr. Vernon in the Diagram below. 



TIME OF DAY AND NIGHT 


(With full acknowledgments to Dr. H. M. Vemon, 

and International Labour Review.) 

Vide: Vernon’s diagram and article, I. L. Ft., Vol. XIII, V. 
“ Human Factor in Industry.” 
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Dr. Vernon’s explanation of these “ apparent contra- 
dictions ” suggests that the reason is to be found in the 
'psychic state of the workers. “ When 
vemon’B expta- they Came on a day shift, they were in a 

nation of these ^ 

contradictions. dull and lethargic condition, as they had 
only recently got out of bed, but they 
brightened up during the course of the morning as they 
usually had a cup of tea after two hours of work and they 
„ , . had their dinner break to look forward to. 

Psychic factors . 

Consequently they became more careless 
and inattentive and accidents multipied. During the night 
shift, on the other hand, they got up three or four hours 
before they were due at the factory and spent these hours 
in relaxation and amusement and in having a substantial 
meal. Consequently they came to the factory in a lively 
and excited state and the carelessness thereby induced 
caused a maximum of accidents. They 
calmed down during the course of the night 

Day and Night t-i i 

Shifts : pecniiar as they had nothing but breakfast to look 

psychic conditions, « , , -i • n . 

forward to, and accidents consequently 
diminished.” This explanation of Dr. 
Vernon seems to be very plausible and clever ; but it requires 
confirmation from the results of other investigators in other 
factories as well. After all this psychic phenomenon is 
in no way peculiar to the Shell factories. Tf Dr. Vernon’s 
idea is fully corroborated on scientific grounds, it would 
suggest some re-arrangement oT factory hours in the 
interest of the workers. 

Again according to Vernon. Fatigue does not play 
much part in accident causation; and for this conclusion 
he relies on these diagrams based on the 
Fatigue facto* 1915-16 and 1916-17 Statistics in the Shell 

in accident causa- . tr -r t cc 

tion. Factories. In 1915, he says operatives 

working for 12 hours a day, instead of 
10 {i.e., for 4r|, 5, and hours’ duration),” specially 
F. 27 
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‘ ‘ MEN suffered fewer cuts — Whence they cannot be greatly 
fatigued by excessively long hours of work. With WOMEN 
it was different — for long hours threw them 
into a state of excessive fatigue.®* It will 
be seen from the diagram that though their 
accident frequency was about the same for 
the first two hours as that observed subse- 
quently during the ten hours, it rapidly mounted during 
the latter portion of the work spell ; and on an average for 
the whole work it was nearly three times greater than in 
the ten-hour-day period. As an indication of the Fatigue 
of the women it may be mentioned that 
fa^ue ° ® during the 12-hour-day period they were 
treated for faintness at the factory nearly 
nine times more than the men, while in the subsequent ten- 
hour period they were treated only three time more 
frequently.” Results of observations at some other 
factories seem to confirm Dr. Vernon in his conclusions, 
that “accident frequency in women was increased by long 
working hours, that in men was little affected.” But the 
experience of a fuse factory in America engaged in 
muscular work showed a greater increase of accidents as 
the day advanced than in the case of machine workers. 
Therefore Vernon suggests that probably his conclusions 
may not be applicable to muscular work 
where fatigue is an important factor due 
to the harder work. He emphasises that 
in machine industries where hours seldom exceed 48 hours 
per week. Fatigue in Men is not a noticeable factor.®’’ 

We are afraid that Dr. Vernon in spite of his great 
scientific industry is rather too hasty and dogmatic in his 


Vernon’s view : 
Fatigue specially 
noticeable m the 
case of women. 


56 Encyclopaedia of Industrial Hygiene, Vol. I, p. 1 (I.L.O.). 

5’ Encyclopaedia of Industrial Hygiene^ Yol. I (I.L.O.), 
pp. 15—17, 
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conclusions. There must be considerable error due to 
difficulty in assuring oneself that the same 
veSonWiews.° ^ Under observation for the whole 

statistical period of two years, specially as 
Vernon is dealing with a very large number. Any varia- 
tions in the constitution and nervous and physical equip- 
ment of the replacing and newly recruited men must affect 
the records of injuries appreciably. Again his conclusions 
derived from the observations at a single Shell factory 
under controlled conditions in War times and a national 
emergency, when there were a large number of inexperienc- 
ed workers in the Government factories, can in no case be 
safely applied to hold good of all other industries. Then, 
after all, a Shell factory is not a typical industrial under- 
taking; and its labour conditions and atmospheric and 
other environment are somewhat peculiar and different from 
those found in humid or hardware and hot industries like 
the Steel Manufacture, Coal-mining, or Gold-mining 
industries. Besides the psychic factors on which 
Dr. Vernon has laid so much emphasis there are other 
factors mentioned by Vernon himself which may be more 
important in other industries. Therefore Vernon’s con- 
clusions, though based on excellent data and observation, 
-require very substantial modifications. An analysis of 
1016 Railway Workshops made in 1928, in Bombay Press, 
to ascertain whether Fatigue has any appreciable effect 
on accident causation gives the following Statistical 
distribution of Accidents ; — 

An Indiaai Exanifle of Hourly Accident frequency 
Analysis. 


Time of occurrence of accidents* 
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It will be seen from the figures and the Graph that the 
accidents were very low in the first hour. We regret that 
the comparative output figures are not 
cidenrvariationB^* available. The work begins quite at a 
good time when workers can come comfort- 
ably from their homes, in a good frame of mind without 
much hurrying up. 

The ‘ initial spurt ’ leads quickly to an ‘ incitement ’ 
and therefore with increasing output the accidents also 

Psychic factors i^^^rease in an increasing proportion, to 
more than double in the second hour. 
{Vide Graph p. 213).) In the third hour when workers 
are in the full ‘ swing ’ they become more careless and over- 
confident, and accidents reach their zenith of frequency, to 
about tiines as much as in the first hour. In the last or 
fourth hour of the Morning Spell, Accidents come down 
all of a sudden to about 1^ only of the first hour figure, 
which may be due to workers, stopping work some time 
before and also because they have “ calmed down ” and 
have their mid-day meal to look forward to. Vernon’s, 
view gets some confirmation from this study. 

In both the Afternoon and Morning Spells, the two 
curves show identical tendencies, in accident frequency. 

The good physiological and nervous effects 
° mid-day meal are somewhat indicated 

by lesser number of accidents and much 
less increase in them in the second and third hour of the 
Afternoon Spell. The tendency towards the increase is 
qualitatively similar in both the accident curves. In the 
middle or third hour the accidents reach the highest point, 
and then fall down all of a sudden in the last hour and the 
las.t hour but one. 


The effect of Fatigue is clearly indicated in the third 
hours or the middle of the working period in both the 
morning and afternoon spells, and it is likely the output 
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also falls after this point relatively. The introduction of 
some suitable rest-pauses some time before this Fatigue 
point is reached, that is after two hours and a half 
IS therefore likely to increase the output, and also reduce 
the Fatigue Factor and accident Frequency. It is un- 
fortunate similar data are not available for other industries 
and provinces in India. 

The statistical basis of this tabular classification 
requires examination, and these comments are subject to 
modification in case of Statistical Errors, if any. 


Y 



Time of accidents. 


Hourly Accident Distribution in the Railway Workshops in the 
Bombay Presidency. 

Total Accidents = 1016 (Bombay Presidency). 

(Based on the Bombay Govt. Factory Report figures for 1928-29.) 
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The 'Nature of Fatigue Products. 

Production of Co2 is the most significant change 
during muscular contraction. “ Fatigued muscle ” is 
shown by litmus paper to be acid in re- 
*°*'^”* action. A well-known experiment demon- 
strates the acidity of the fatigued muscle 
by the use of acid puchsin. This stain is injected under 
the skin of a frog, and absorbed and distributed in the 
body without injuring the tissues. “ As long as the body 
remains at rest, the solution is colourless, but if one of the 
legs is electrically stimulated, the muscles take on a red 
colour, showing that an acid is produced locally.”^ 

Mosso showed that the depressing effect of Fatigue 
was due to chemical reaction which was communicable to 
another organism. By injecting the blood of a fatigued 
dog to another dog at rest, he found in the other dog, 
signs of fatigue thus showing the chemical nature and 
toxic effects of Fatigue. Mosso measured these changes by 
the two instruments : the Myograph designed by Helm- 
holz for measuring contractions of the muscles and the 
Kgrograph designed by himself to measure the voluntary 
muscular contractions in man. 

{Mosso: Arch fur Anatomic U. Physiologic Physio- 
logische Arthcilung : 1890; p 90.) 

Professor Lee finds ‘ ‘ three distinct metabolic products 
in fatiguing — viz., sarcolactric acid, monopotassium phos.- 
phate and carbon dioxide — all of which are acid in 
reaction.”®® 

In 1904, Weichardt claimed to have ‘ isolated ’ a 
special toxin of fatigue like other bacterial toxins such as 
diphtheria on tetanus. “ He asserts that if this toxin 


Goldmark : Ibid., p. 25. 

Harvey Lectures, 1906-06 by Lee (also cf. Popular Science) 
Monthly, 190, Feb., p. 182. 
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obtained from the extracts of fatigued muscles is injected 
into animals it produces all the symptoms of fatigue. 
When given in large doses, it is said even to cause death.” 
He even claimed to have discovered an anti-toxin of fatigue 
found on administering small doses of toxin to animals.*® 
“ The fatigability of animals lessened and endurance 
capacity was said to increase under the influence of this 
anti -toxin.”®* But these theories “ verging on the 
fantastic ” have not been accepted by the scientific world 
so far — and they were uncorroborated at least till 1913. 
Even if true, this could not be of practical importance in 
an industrial regime, though it may have some value in 
endurance tests and bicycle races, etc. So far as we are 
concerned, these theories only illustrate and increase the 
gravity of our problem. 

“Overstrain in industry is obviously no invention of 
sentiment or fiction when the chemical nature of fatigue 
and its complex relations with life are realised.” 

Fatigue Meamrement. 

As already observed. Fatigue is a definitely 
“ chemical ” product; and as such it can be subjected to 
chemical analysis. Some notable Italian physiologists 
specially Pieraccini and Gargioli have proved by laboratory 
experiments that a fatigued organism is a definitely poison- 
ed organism — and the injection of the blood of a fatigued 
animal into the blood of a normal animal will produce 
fatigue toxins in the latter. In spite of this vague knowl- 
edge precise scientific results are difficult to obtain for the 
toxin called the Fatigue toxin has not yet been isolated and 
the claims of Weichardt in this respect are unfortunately 
riot corroborated by the Scientific World. 

** (ioldmark. 

8* Ifud. With full acknowledgment to Miss Goldmark, for 
various technical details regarding “Fatigue”. 
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But even if the fatigue toxin were isolated, it would 
not help us very much in knowing the proportion of fatigue 
toxins in the human hlood. The present 
Importance o f Scientific knowledge only helps us in as- 
f8ti|ue^in‘'re'iBtioD certaining more or less precisely the nature 
to industry. of chemical changes involved in 

‘ exhaustion ’ ; and the analytic properties 
of the “ fatigue poison.” 

But in ascertaining the amount of fatigue toxins in 
the human body — say of a labourer in a factory — Physio- 

does not take us very far, and the problem of “ fatigue 
measurement ” presents insuperable difficulties to the 
student of industrial psychology and labour economics.. 
No study of labour welfare and the economics of labour can 
yield fruitful results without adequate attention to this 
important factor and we need no apology to discuss this 
interesting matter in some detail. The British Grovern- 
ment realising the importance of this, study specially 
instituted a permanent committee of eminent scientists 
and experts, called the Industrial Fatigue Research 
Board to investigate the effects of Fatigue on various 
industries 

As the physiological changes and psychic effects pro- 
duced in human bodies during activity are almost incapable 
of exact measurement, industrial psycho- 
logists have thought it best to make output 
the chief teet of fatigue. An optimum 
or normal product being assumed for a certain amount of 
a particular type of work in a certain period of time, we 
proceed to note the coming of fatigue with the falling 
index of output, other things remaining the same. 

But the objection that other conditions do not remain 
the same and psychic changes are constantly going on in 
the subjects, vitiating our results, has to be ignored on 
account of practical difficulties. “ The introspection of 
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the observed man is useful but it cannot be measured.”*® 
“ We measure the activity itself and its product. We 
then measure the interval of time that elapses before the 
organism has gained enough activity to perform the same 
work in the same time with the same results.”** A study 
like this is not possible in a short time — rest pauses are 
varied till the desired information is recorded in the 
date. 

“ If two methods of doing the same piece of work take 
the same amount of time and produce the same amount of 
output and if the interval needed to 
Giibreth method rccover from the second is longer than that 

o f measuring o ^ i 

fatigue. needed to recover from the first, men other 

things being equal, the first method is 
more efficient.”** 

A careful study of the variables that affect the two 
methods show exactly why the first method is more efficient 
but the excess of fatigue in one, is a certain index that the 
other is more efficient. Fatigue according to this method 
is thus looked at in two ways : 

1. As a product of doing work. 

2. As a test of efficiency in doing work. From the 

purely economic point of view we are 
primarily concerned with the latter. 

Activity as an instrument of efficiency is affected by 
the following factors : — 

1. Amount of practice. 

2. Extent of habituation. 

3. Degree of interest in the work and the degree 

of the first momentum or start — which is an 
individual differentiation. But “ most 


Giibreth, F. B. and L. M., Fatigue Study, 1919; Routledge 
and Macmillan N. York, p. 116. 

83 Ihid., pp. 116 — 18. 

8* Ihid., pp. 116 — 20. 

F. 28 
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workers never get into the swing at the 
beginning of a work period.” 

4. Hour of the work-day and the time in the work- 

period. 

5. The degree of “spurt” — when the work is 

being done at a rate above the normal pace.*® 

These factors in efficiency and industrial activity are 
also important factors in causing fatigue but it must be 
noted that the effect of all these factors on fatigue itself 
will depend on the relation between mental fatigue and 
"bodily fatigue in most favourable circumstances. 

Some mechanical methods to study motion and fatigue 
are given below. The description of instruments 
and their operation is based on Gilbreth. But Dr. Myers 
of National Physiological Laboratory of Great Britain has 
also given valuable hints in his valuable work on “Fatigue” 
and this book has also been consulted in preparing this 
description. 

Methods of Motion Study. 

Motion details of small units of activity and measur- 
ing the variables of these activities which are sub-divisions 
of the main-work involve “ time study.” “ Time-study ” 
and “ motion-study ” are thus closely related and almost 
inseparable. 

A . — '‘Micromotion Study.” A concrete and precise 

method of recording motion and surrounding conditions has 
been invented by Gilbreth — and it is known 
Precise methods as the Gilbreth System of Micromotion 
motion* Study. The recording is done by a Cine- 
matograph and a special Gilbreth clock 
which registers extremely small intervals of time, smaller 
than the elapsed time between two pictures of a cinemato- 


Gilbreth : op, cit. 
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graph film — emotions down to less than a ten-thousandth of 
a minute. This prevents errors in time-study and presents 
all the information correctly, eliminating errors due to 
“ personal element.”®® It must however be noted that it is 
difficult to measure the orbit or exact path of the motions 
by the film. 

B. — “The Cyclogrwph Method” enables us to 
record, measure and see this orbit or exact path of a motion 
or cycle of motions.®® In this method, small electric lights 
are attached to hands or members engaged in activity and 
a photograph plate or film is then exposed while the motion 
is made, with the result that a path of light which 
resembles a white wire is seen upon the developed plate 
representing the path of the motion. The effect is best 
gained by a stereoscopic photograph which shows this path 
in three dimensions. 

C. — Chronocyclograph Method enables us not only to 
see the path of motion but also its directions and the 
duration of the entire motion and of its elements.®’ “ These 
chronocyclographs are made by attaching lights to the 
moving parts of the body on the machine as. in cyclograph 
and by introducing a properly-timed pulsating interrupter 
in the circuit, adjusted not only to record the time and 
duration but also to record these with different graphs 
representing the path of each of the several motions made 
by various parts of the body and their exact distances, 
exact times, relative times, exact speeds, relative speeds 
and directions.” 

D. — Penetrating Screen Recording. Another method 
of motion measurement is by means of “ penetrating 
Screen.”®® 

®* Gilbreth : oy. cit. With full acknowledgments to Gilbreth 
for these facts and this technical information. 

®’ Gilbreth ; op. cit. 

®* Gilbreth : op. cit. Gilbreth gives illustrations of these instru- 
ments in his book. 
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“ It is possible to pass a cross-sectioned plane in any 
direction through any desired plane or through a number 
of planes in the cubic space under observation.” This 
makes it possible to record the data with great accuracy in 
three dimensions and to read the information from the data 
easily. The various types of motion study may be employ- 
ed according to the exact requirements. It must be under- 
stood that they are by no means to be considered exclusive 
or absolute in their applicability. These various methods 
“ supplement rather than supplant each other.” 



V. HOURS AND REST-PAUSES IN INDUSTRY 


The idea of most employers at- the beginning of the 
age of industrialism was to extract as long a period of 
work as possible at minimum coat, without 
™ much concem for the human needs of the 
working classes. It was this spirit of 
greedy commercialism which fired the righteous indigna- 
tion of philanthropists and social thinkers like Carlyle 
and Ruskin who denounced the early economists and their 
imaginary postulation of that hideous creature “ the eco- 
nomic man.” 

The literary renown of these noble writers who 
partially mis-understood the aims of Political Economy 
and the efforts of humanitarians and social workers, 
revolutionised the attitude of the public towards the under- 
dog and emphatically inculcated the need of state 
interference in the interests of the society to ameliorate the 
lot of workers, specially women and children. The plea of 
laissez-faire gradually receded into the background and 
following in the wake of the successful policy of enlighten- 
ed employers, the Government introduced with cautious 
steadiness various Factory Acts and workshops acts and 
subsidiary by-laws which enforced the hourly limits of 
work and respite and standard minima for ventilation, 
hygiene, temperature and other working conditions and 
Compensation Acts to atone for industrial hazards and 
diseases. 

It is not our business in this chapter to recapitulate 
the provisions of the various factory acts which have done 
so much to improve the lot of the workers. It may be 
briefly mentioned in passing that much progress has been 
made in so many directions in great industrial countries 
like Great Britain and Germany and even in the United 
States. Still it is recognised by experts that even in 

221 
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countries where a high standard in social legislation has 
been attained, a great deal remains to be done before 
workers may be considered to have a sufficiently human if 
not humane atmosphere for the operations of the day. 

The new department of welfare work is found in 
modern times to be a necessary adjunct to all big industrial 
undertakings in great industrial countries 
WeUaie work like England, Germany and the United 
psychotogy.'*'*”**^"** States of America. Special departments 
of industrial psychology have been organis- 
ed in Germany in particular to conduct scientific observa- 
tions and researches into the best methods of work and 
ideal working conditions. It is not necessary for our 
purpose to explore the motives of welfare work — perhaps 
the “ dollars and cents ” and it pays ” ultimately — may 
be a more important factor in labour welfare activity than 
pure and simple philanthropy which is now resented by 
modern self-respecting workers. Whatever the motives, 
welfare work is certainly a most important factor in bring- 
ing defective working conditions to the knowledge of the 
management, and in inducing them to improve the social 
conditions inside and outside the factory. 

In fact attention to minute details of working condi- 
tions has begun to be paid in England specially during the 
war — when the need for maximising 
and*'o^put! ° * national product led the Ministry of 

Munitions to make various elaborate ex- 
periments into the welfare conditions inside the munition 
factories. These experiments proved conclusively the 
desirability of restricting working hours and providing 
rest-pauses and more efficient lighting and ventilation and 
temperature inside the factories. Other great factories 
also have naturally been influenced by the example of the 
best employers and Government Munition Factories who 
have proved that provision of good conditions is economi- 
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cally profitable and paying ultimately, if not in the 
immediate future. 

Before we discuss the question of Rest-pauses, and 
the results of experiments conducted at various factories, 
it is necessary for us to make some general 
of^est-pauree!”''*^ observations. The necessity for restricting 
long hours is generally acknowledged and 
is borne out by the testimony of innumerable factories and 
laboratory experiments. Latest researches conducted by 
experts in various types of factories and varying climates 
prove conclusively the need of provision of suitable rest- 
pauses for getting the maximum output without unneces- 
sary fatigue. In this connection, we cannot but draw 
upon the valuable information collected with such great 
industry and scientific precision by the Industrial Fatigue 
Research Board. 

The pioneer work in providing lesser hours seems to 
have been done by the enlightened firm of Messrs Mather 
and Platt, Manchester, in 1893. Mather 
Pioneer experi- believed that “ work before breakfast ” 
houTe; Maiher^wd • • • • “ was economically as well as phy- 
piatt’s lead. sdologically objectionable.” So he began 

work at 8 A.M., instead of 6. In 1894, the 
Government Arsenals also adopted it on the instance of 
Mather ; but the practice did not receive general acceptance, 
though Mather and Platt demonstrated it was a ‘ ‘ paying ” 
proposition. They also found that a 48 hours week instead 
of 54 for two consecutive years was economically profitable 
and was instrumental in increasing production and a 
decrease in lost time. 

In 1901, the Zeiss Optical Works, Jena, and in 1905 
the Engis Chemical Works, Belgium, also proved from 
their experience that lesser hours of work 

Zeiss and Engis i i • • mi 

profitable reduction resulted 111 increased output. The matter 
then became something more than a 
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theoretical fad and it began to receive increasing 
attention.* 

A great step towards the study of the subject was 
taken when a scientific body like the British Association 
decided to study “ fatigue ” from the 
British Aseocia- “ economic Standpoint in 1913, for which 
Sue aS®*^* purpose they formed a committee of 
committees’ work, inquiry. Another important stage came 
with the Health of Munition Workers’ 
Committee formed in 1915 which after investigating 
records of the factories and carrying on experiments, 
demonstrated that “ long hours ” were “ uneconomical ” 
and “positively harmful” in certain processes and 
shortening hours increased production.® 

In 1918 the most important step was taken when a 
medical research committee and the Department of 
Industrial and Scientific Eesearch was 


Department o 
Industrial B ( 
search, etc. 


F.E.S., was 


t established to conduct research on quite 
economic standpoint in 1813, for which 
factories. Professor C. S. Sherrington, 
the President of this Committee. These 


bodies were appointed under the auspices of the 


Industrial Fatigue Research Board which has conducted 


such valuable scientific investigations. 


Rest-PausHS and Shifts. 

The effect of rest-pauses on production is clearly 
demonstrated from the results of various experiments and 
observations made by experts and scientists of the 
Industrial Fatigue Research Board. The effect of shorter 
shifts in increasing production is also proved. 

Dr. Vernon conducted experiments in five factories 
employing tin-plate workers. “ It was found when 4 hour 

iSs Pigou : Economira of Welfare and Thomas Oliver : Occu- 
pations. 
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shifts were worked for 10 months, hourly output 
during the last 7 months was 11-5 
ahOTtM ^shifts* on P®** more than when 8 hour shifts were 
^Tto^piste *wOTk- worked. Observations on 6 hour shifts 
*^erimentl*™°° * (lasting in one instance over 18 months 
consecutively) showed that the hourly out- 
put was about 10 per cent greater than for 
8 hour shifts ; but in that the working week is 2 hours less 
for 6 hours than 8 hour shifts, it follows that the total 
output is only 8-3 per cent greater.”’ “ Millmen on 8 hour 
shifts, took lest-jMivsex on an average 12-5 minutes per 
hour, and millmen on 6 hour shifts took on an average rest- 
pauses 10-2 minutes per hour. Their hourly output was 
fairly steady — as it never varied more than 8 per cent from 
the mean.”'^ 

Dr. Vernon gives the main results of his experiments 
in Table 2 and Table 3 in his report No. T for the I.F.R.B. 


8 hour shifts — hourly outfut and rest-pauses. 




Relative houbly output. 

Total minutes per hour 
spent in rest^pauBes. 

Hourfl of Shift. 

Shifts. 

Shifts. 1 
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total 8 hoiira output 100 100 100 100 100 12*6 13 7 13*4 10*4 12-6 


3 Vernon : Fatigue and Efficiency of the plate workers, p. 29. 
^Vernon: Report I; I.F.R.B., London. 

F.29 
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Jt must be noted however that rest-pauses were not 
absolutely true. Some departures were made in temporary 
reliefs; but some allowance for these has been made by 
Dr. Vernon. 

N,B . — For this table and figures of output therein and also for the oompUfttion 
of summaries of certain scientific conclusions the writer makes full acknowledgments 
to the Industrial Fatigue Eesearch Board and its staff and also to His Majesty’s 
Stationer Office. — Author. 

Experimental results of Rest-pauses. 

The laboratory experiments made by Wyatt and 
Fraser conclusively prove the beneficial effects on output 
of proper rest-pauses in most repetitive 
Wyatt and works. The Board consider that the 
ments*^ * into *’'rSt- evidence available “ strongly suggests that 
the experimental introduction of rest- 
pauses at least for processes involving light 
repetitive work will have a successful issue.” They 
continue “ for this instance there is no reasonable doubt 
that in a working spell of 4 to 4^ hours the beneficial 
effects of a short I'est-pause emerge through the many 
factors present in industrial work and cause genuine 
increase in output as well as greater comfort and satisfac- 
tion for the workers.” 

According to the Industrial Fatigue Kesearch Board, 
the evidence in favour of economic advantages of rest- 
pauses in “ repetitive ” work is “ over- 
Are rest-psuses whelming.” But the Board point out that 
able? the response to a system oi rest-pauses 

may often not be immediate and a period 
of some months may elapse before the full beneficial effect 
is apparent.” The Board advise that “ employers should 
persevere with the experiment for at least three months,” 
and they emphasise that “ position, duration and, even 

* Report I, I.F.R. Board. Vernon: Tinplate workers — Table 

2, p. 10. 



INDUSTRIAL FATIGUE, ACCIDENTS, AND WELFARE 227 


the nature of the rest-pauses ” are exceedingly important 
factors, in determining the results obtained.® 

Observation of 16 workers was undertaken in four 
factories over periods of 15 weeks by Wyatt and Fraser 
who made intensive investigations in 
Effect of rest- order to allow corrections for other factors. 

pauses ou relative 

The following results were tabulated’^ — 

1. An introduction of a rest of 15 
minutes about the middle of the spell of work caused — 

(a) An increase in the net rate of working which 
varied from 1*5 to 8 0 pei* cent — Hours of 
work, 8 A.M. to 1 P.M., and 2 p.m. to 6 p.m. 
except on Saturdays up to 5 p.m. 

{b) With the exception of the afternoon spell in the 
stamping process an increase in total output 
was. obtained. 

(6‘) In^ handkerchief -folding, the actual increase 
was 2-3 per cent; in handkerchief -ironing 
1*6 per cent and in the stamping-process 
(morning spell), 0*7 per cent. These are 
smaller than have been found in other 
instances. 

2. in handkerchief-folding a slight modification in 
the conditions of work caused a reduction in the amount 
of lost time of over 50 per cent and an average increase 
in output of approximately 5 jier cent. 

3. The results in the three processes investigated 
are very consistent, and suggest that favourable results 
would be obtained by the introduction of rests in most 
repetitive processes."" 

Again some laboratory experiments on 3 tried subjects 
—A, B and C — ^were conducted in placing bicycle-chain 

Eeport 82 “Studies in Kepetitive work with special 
reference to re^t-pauses^' by S. Wyatt and J. K. Fraser, I.F.B.B., 
London. 

8 I.F.R.B. Report 32: By Wyatt and Fraser. 
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links on a pair of two steel sh§.ft8. In every case the out- 
put in the rest-pause series is generally higher than the 
un-interrupted series in the first 30 or 40 minutes imme- 
diately following the rest.' 


Comparison of output in two series.^^' 


Subject 

Continuous 

aeries 

Hest-pause series j 

1 

Percentage increase 

1 Halves 

Average 

Halves ' 

1 

Average 

Halves 

Average 

lat 

and 

Ist 

2Qd 1 

Ist 

2nd 

A 

131-4 

127-7 

129 6 

138 2 

1370 

1370 

6*2 

73 

i 6-2 

B 

131-2 

124-1 

12l'6 

138'8 

130‘6 

1-^4 -3 

5-8 

Q-l 

i 0-2 

C 

188‘8 

lao's 

184' 1 

141 -0 

1840 

137-6 

I 

36 

i 2'e 

1 


Then three spells of 50 minutes each with rest-pause 
of 5 minutes after each spell was tried on B. The 
superiority of the I'est-pause work over the continuous 
series is again evident specially in the middle and latter 
parts of the spell. 


Comparisons of output in Rest-pause and (^onMnuoiis 
series}^ 


1 Part I 

Part II 

Part III 

Average 

Oontkiuous series 

140*1 

1269 

127 8 

ISIT) 

Host- pauses series 

147-8 

144*1 

1 1427 

144*9 

Percentage increase 

5*6 

13*6 

in 

101 


E. E. Osborne has prepared a valuable report on 
‘ ‘ output of women workers in relation to hours of work 
in shell-making,” 43 women were taken as subjects in shell- 
factory on “ ripping ” and “ put off” operations, which 
shows similar results. 

'■* Ibid. 

N.B . — For these details and summaries the author makes full acknowledgments 
to I.F.B.B. 

10*11 1.r.R.B. Eeport 32; p. 36. 

N.B . — For these tables and summaries of result's acknowledgments are made 
to T.F.B. Board and its investigators. 





VI. HUMAN FACTOR IN INDUSTRY AND 
ACCIDENTS 


The physical environment of the worker seems, to have 
an appreciable influence on accident rate. Osborne and 
Vernon by installing recording thermo- 
graphs nt two large munition factories 
during the war were able to record the 
approximate temperatures at which the accidents recorded 
in the ambulance room were incurred during 10 to 12 
months. 

The results clearly suggested that there is. an optimum 
temperature of 07-5 degree F. at which accident incidence 
is at a minimum. But the authors have 
Optimum tern- pointed out that “ the best temperature 
accidents. lor accideiit prevention is not necessarily 

the most suitable one for working effi- 
ciency. There is. little doubt that 67 degree F. is too high 
for the attainment of maximum efficiency if the work is 
at all active.’’ 

Further Vernon and Bedford's study of the BritisJi 
Clollieries confirms this effect of temperature on accident 
causation. As the temperature of the coal seam rose (or 
the Kata cooling jiowers fell) the accident frequencies of 
the colliers and trammers who work at or near the surface, 
tended to increase — while the accident frequencies of the 
haulage men and other workers, who work in the air ways 
where the temperatures are lower, remained practically 
constant throughout.* 

These preliminary conclusions, about the association of 
higher temperatures and increased accidents have again 
been confirmed by Vernon and Bedford regarding 23,000 
miners’ cause of absenteeism where the accident f requency 

^ Report 39, Tjondon. 
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was found associated with temferature specially in “ the 
less severe ’’ ty^s of accidents.® 

Another factor influencing accidents appear to be air 
velocity. The accidents incurred by underground men 
other than coal-face workers increased 
steadily at all velocities from 70 feet per 
minute upwards and at a velocity of 264 
feet, they were 68 per cent more numerous. 

Other factors influencing accidents. 

Osborne and Vernon investigated the parts played 
by S'peed of Production and fatigue respectively through 
the analysis of 50,000 accidents incurred 

tion*Tnd °acradratr Munition factories working day 

and night. Variations in output during 
the period were measured simultaneously with variations 
in accident incidence. Their main conclusions are : — 

(а) “ In the case of the day shift, a strong qualita- 
tive resemblance exists between the rate of output curves 
and the accident curves, thus suggesting that varying speed 
of production is responsible for the variations in accident 
incidence rather than fatigue.’’ 

(б) That fatigue may be an important contributing 
cause, however, is shown by the fact, that during a period 
when a 12 hour day (75 hours week) was being worked, 
the accidents incurred by women were 2^ times more 
numerous than in the subsequent period when the daily 
hours were reduced to 10. 

(c) ‘ ‘ In addition to speed of production and fatigue 
ail important part is played by psychical influences, such 
as alertness and attention. This conclusion is based on a 
comparison between the accident incidence on the day 
shift and on the night shift. Whereas in the former the 
accident curve follows the output curve, very closely, in 


Beport .'il, l.F.R.B. 
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the latter it is widely different. There the accident rate is 
at a maximum at the beginning, then falls sharply and 
finally sinks to less than half the original value. Further, 
the total accident rate is lower by an average of 16 per 
cent with no decrease in output.” 

“ The authors ascribe these differences to psychical 
influences assuming that the night workers started work 
in a careless and excited state, and gradually settled down 
to a calmer mental state than the day-workers.”’* 

Psychological tests for Measuring Psychic factors. 

Psychological tests have been devised for testing the 
intelligence and vocational aptitude of the workers, and 
there are innumerable methods or instruments for this 
purpose which all have a restricted value for a definite 
purpose. Attention and carefulness are elusive factors 
and not measurable for scientific purposes in a conclusive 
fashion. The following “ Psychological tests ” were 
devised by some scientific workers of the Industrial Fatigue 
Research Board to test and measure the alertness and 
carefulness of the workers and they are noted and described 
below as interesting illustrations ; — 

1. The dotting test — McDougal -Schuster Revolv- 

ing dotting tests. 

2. The pursuit meter test — to follow the irregular 

movements of a mechanically controlled 
pointer. 

3 The choice reaction test — the subject was 

required to response to visual, auditory and 
tactual stimuli as rapidly as possible by 
placing his finger on the correct response 
button. 


’ Report 55, I.F.R.B., Preface, pp. V — VI. 
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4. The interrupted pursuit meter test — During 

the test-visual and auditory stimuli to 
which the subject was required to response, 
were given at irregular intervals. The 
visual stimuli were red and white discs and 
auditory .stimuli were a bell and buzzer. 
Responses recorded by pressing button in one 
case and depressing his right or left foot in 
the other. The Score was automatically 
recorded as in previous cases. 

5 The co-ordination test— hy hand movements 

over green and white discs. 

6 The steadiness test — To keep a stylus with a 

ball on the end inside a small metal cup 
without touching either the sides or the 
bottom, the cup meanwhile being automatical- 
ly moved in an irregular way. Length of 
contact of the ball and cup was marked by a 
buzzer and recorded. 

7 The cube test — to build a cube with 27 coloured 

bricks, each side being of different colour. 

5. The linguistic intelligence test. 

9. The number-setting test — get a certain com- 
bination of figures by moving certain set of 
levers. 

10 The stereoscopic test — test card supplied by 
Messrs Zeiss — subject to place in their 
correct perspective certain pictures on the 
card as seen through a Zeiss stereoscope. 

11. The dynamometer test — The subjects were re- 
quired to grip a Salters’ dynamometer with 
each hand in succession, the score being the 
sum of two grips measured in kilogrammes. 
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Every test involves a group of psychological func- 
tions — for example in children intelligence seems to be the 
predominant factor which accounts for positive correlations 
of all tests with each other among children. With mental 
and physical developments, other tests take a more impor- 
tant part in test performances.”'* 

Fi nal C on elusions . 

“ The same reasons that account for the smallness of 
the intercorrelation coefficients are equally valid in respect 
to correlations between the tests and objective criteria of 
industrial proficiency and accident rate. The small corre- 
lations between the tests and objective criteria serve to 
indicate that industrial proficiency and accident proneness 
are dependent on many dominant factors and not upon one 
predominant factor. Even when the tests are weighed, 
they fail to give correlations of sufficient magnitude to 
warrant the. assumption that they measure more than a 
portion of the factors involved in the objective criteria. 
It is clear that they measure some of the dominant factors, 
but there is no evidence that they measure the most 
important of them." Further experiment is necessary. 

There is evidence that even at the present stage the 
use of certain of the tests described in addition to the 
existing examination, would result in the 
p^ticai selection of entrants more capable of bene- 

tMtg to industry.^ fiting by instruction and less liable to 
incur accidents.”’’ 

Psychological stud/y of indimdual differences in Accident 

Rates. 

The variations in the internal susceptibility and prone- 
iiess of workers are also important factors in accident 

Summary of the results of tests given by the I.F.R.B. 
Reports under reference. For the compilation of this sumxna]^ Iw 
the . Board full acknowledgments are due to I.F.R.B. & tit.M. 
Stationery Office. 

^ Report 4, I.F.R.B. : Greenwood and Woods. 

F. 30 
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causation in many cases in addition to the psychic factors. 

The physical safeguarding of machinery 
individu»i differ- and plant, however perfect, cannot reduce 
proneness. mdustrial accidents below a certain limit. 

Many accidents are due no doubt to pure 
chance and thus unavoidable in a strict sense, while others 
are in more or less degree due to personal characteristics 
of the victim himself. 

As already stated, “ Carelessness and ignorance’' 
are very inadequate terms for description. The real 
questions are : — 

{a) Investigation into “ individual susceptibility.'' 

(b) In what measurable respects do such individuals 
differ from their fellows? 


Anstcers to these difficult questions, are given by — 

1. Greenwood and Woods^ : in ‘‘ The Incidence of 
Industrial Accidents upon individuals with special refer- 
ence to multiple accidents ” — This study is based on records 
at the Munition factories during the war, and 

2. Newbold® : in ‘‘ contribution to the study of 
ihe human factor in the cnnsation of Accidents." This 
study of Newbold is based on more extensive data special- 
ly provided by 13 large factories in Great Britain. 

These two studies have clearly shown that the observed 
distribution of accidents is far different from what may 
be expected from “ pure chance,” but is 
Special suicep. Consistent with the idea * that certain 
ubiuty ^of persons are temperamentally more suscep- 

accidents. tible to accidents. “ These specially 

susceptible individuals constitute a 


® B^port 34, l.F.R.B. : Vide Summary in the preface of the 
Beport by Chambers and Farmer; I.F.B.B. 
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comparatively small group and influence preponderantly 
the average of accidents in any homogeneous group.” 

Chambers and Farmer applied certain psycholi^ical 
tests to a large number of workers in different occupations 
and compared the results of the tests with their accident 
records. Though very confident conclusions cannot be 
drawn, due to the fact that additional data remain to be 
collected, the Board consider the results as “ distinctly 
encouraging” and as “yielding positive indications.’”’ 

Exposure to risk varies with different individuals. 
Hence “ varying susceptibility ” cannot i'pso facto be 
inferred as the cause of differences. 

Experiments on “ Accidcnt Pronetiess ” is a narrower term 
s^iai snsoeptibi- liability ” and means ‘ ‘ a 

personal idiosyncrasy predisposing the 
individual who possesses it to a relatively high accident 
rate.” “ Accident Pr oneness"' refers to “ the possession 
of those qualities which have been found from independent 
research to lead to an undue number of accidents.”® “ Thus 
a person may be said to be accident prone without any 
knowledge of the number of accidents he has sustained 
for this statement will merely mean that he is more likely 
than others in equal conditions of exposure to sustain 
accidents. Such a knowledge would enable us to warn 
such people against entering certain special dangerous 
trades.” 

A Psych logical test for measuring A ccident 'proneness. 

651 subjects tested — i.e., 611 boy apprentices, 
40 women factory workers. 

Tests fall into 3 groups.'-' 

’ Chambers and Farmer : I.F.R.B. Report. 

8 Ibid. ; For this Summary of experimental results full 
acknowledgment is made to I.F.R.B. and H.M. Stationery Office. 

8 I.F.R.B. Report — Chambers and Farmer : Ibid. 
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Group T 


“ Aestheto-kinetic 
co-ordination ” tests* 


(а) Dotting teH. 

(б) Reaction time test, 
(c) Pur unit meter test. 


These tests measure the afferent nervous impulses 
received through some specific sense organ, in the muscular 
performance of the hand, arm, or other parts of the body. 

* N.B. — This tenn was used to distinguish from “ Hen sori- motor ” and “ Nenro- 
muscular” which have diflferent scientific meanings. 


(iROUP II 


1. Tests of ocular balance . 

2. Tests of Tremor 

3. Psycho-gaioanic reflex tests. 


“ These tests have all been shown to have a direct 
relation to temperamental instability, an important cause 
of accident liability “ Temperamental ” 
tS- includes “ neurological ” and “ psycho- 
logical ” instability 


peramental 

stability.” 


Group fll 

J. An intelligence test. 

2. The nvmher-setting test. 

Thuvse are Reasoning tests — for rapid and aocnrate 
thought. 

Final conclusions from the tests. 

1 . Relationship between ma jor and minor accidents 
definitely proved for same individuals 
establishes individual ])roneness *’ to be a 
definite causal factor. 
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2. The investigation clearly shows that the dis- 

tribution of accidents is in degree 

determined by personal measurable 
qualities 

3. Many changes are detrimental to output because 

of their interference with the swing of work. 

In addition there is a certain amount of evidence to 
^ihow that : — 

4. In repetitive work of a fatiguing nature, 

changes in the form of activity, should be* 
relatively more frequent. 

5. A high degree of resemblance between the 

alternating forms of activity, although 
subjectively satisfying, is not conducive to 
increased output. 

Variety and> Uniformity in Work. 

The general results disclosed by previous investiga- 
tions on the eftect of changes in activity and rest-pauses 
and variety in work is summarised as follows by a Report 
of the Industrial Tatigue Research Board : — 

1 . “A change in activity is beneficial only when 

the substituted task is easier than the oper- 
ation it replaces.’’ 

2. “ The superiority observed under the varied 

conditions of work is most marked when the 


Chambers and Farmer; Ibid., l.F.R.B. Report. 

N.B . — In dealing with highly technical psychological points and summary of 
}xperimental results of the scientihe workers of the I.F.li. Board in this Chapter 
dsewhere the author has been compelled to follow too closely the expressions of 
>he scientific conclusions of the learned investigators, in order to preserve technical 
)reci8ion of the subject. For these results and summaries and conclusions of 
jxperiments fullest acknowledgments are made to the I.F.R. Board and His 
Majesty’s Stationery (Mce. — Author. 

W 5 'att and Fraser ; Variety and Uniformity in Work : 
[feport 52, T.F.B.B. and Report 26, l.F.R.B., p. 13. 
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substituted activity is widely different from 
the one it replaces 

3. “ Frequent changes in the form of activity are 

detrimental to output, and long periods of 
unvaried work are equally unfavourable.” 

4. “ Organised change periods are preferable to 

irregular interruptions throughout the 
day.”*' 

It therefore seems abundantly clear from the various 
experimental investigation of the Industrial Fatigue 
Research Board that uniformity in methods and processes 
in any work is less productive than the introduction of 
variety in various processes. It has. also been proved 
from one investigation that the “ highest output is obtain- 
ed ” when “ the form of activity is changed after l| 
and 2 hours of unvaried work.” 

Kye-xtrain in eery fine processes. 

The value of glasses in very fine processes is indisput- 
able. They increase the output and also save workers 
from physiological injury due to serious “ eye-strain.” 

Objectively very definite evidence of the 
Effect of value of the glasses is provided by a 
output'”" in fi*ne Report of investigations, by Industrial 
processes. Fatigue Research Board whose conclusions 

are summarised below : — 

1. Rates of output substantially increased when the 
workers were supplied with glasses. “ The amount of 
this increase varies in individual cases from about 8 to 26 
per cent, for drawing in and from less than one per cent 
in an exceptional case to nearly 20 per cent for filament 

Tlioriidike : Educational Psychology, Vol. Ill, p. 136 
(€olumbia University). 

Journal of International Institute of Industrial Psycho- 
logy : Vol. 1/6, p. 236. 
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sorting and mounting.” These figures refer only to 
experienced workers and still greater increase may be 
expected in the case of beginners. 

2. “ The average increase in output works out at 
about 12 per cent.”*^ 

3. The loss of efficiency of those engaged on fine work 
due to accommodative asthenopia, or to the defensive 
“ rests ” taken to avoid or limit this form of eye-strain is 
exaggerated, as would be expected by errors of refraction 
and inferior visual acuity. 

Optimum load for u-omen in industries. 

With regard to the employment of women in the 
collieries ’inderground or on the surface and in other 
industries in which manual labour and 
Employment of physical Strength plays an important part, 
industries. , there are very important considerations of 

health and physiological injury which must 
be fully explored by scientific students in the broad interests 
of a country. The International Labour Conferences as 
well as the various nations are already doing their best to 
gradually abolish the employment of women underground 
in the Collieries. But the employment of women in heavy 
industries seems altogether undesirable, as it is likely to 
injure their delicate physiological stamina and may 
interfere with their powers of fecundity in some cases. 
In any case the carrying of heavy loads in heavy industries 
by young women workers is a matter of serious importance 
from the national standpoint. When we remember the 
large number of coolie women in various Indian industries, 
the importance of determining an optimum load and 
national legislation to prescribe the maximum load for 
coolie women becomes obvious. In India such questions are 

** “Belief of Eye-strain in very fine procesBes” : I.F.R.B. 
Report. 
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generally ridiculed by the employers and even responsible 
public women; but in western countries the value of the 
individual worker and his importance to the nation are 
fully recognised in practice by the Governments concerned. 

For instance the llritish Government and its Home 
Office entrusted the duty of iletevmining the optimum load 
for women to the Industrial Fatigue 
Investigation to Research Hoard, and very valuable invest!- 

iletermine optimum 

load. gations With greatest scientitic precision 

have been made by eminent investigators 
like Prof. Cathcart, F.R.S., Beadle and others, who 
examined 4,000 women engaged in industries, with 
reference to (i) Weight ; (n) Height ; (i/ii) Length of arm, 
distance of finger-tips from the ground ; and {iv) Three 
physical strength tests — two requiring the use of muscles 
employed in industrial practice, nnd one requiring the use 
of muscles rarely employed. 

Catbcart’8 con* The Chief conclusions deduced from 
load investigations of Cathcart and others'"' 

are summarised as follows : — 

1 . The strong women gravitate towards more strenu- 
ous occupations and it is also proved that the exercise of 
strength depends on mental alertness as well as physical 
capacity. 

2. In the determination of the physiologically 
economic load ” the best rough physical indication of 
strength is body weight. 

3. Practical conclusion is deduced that the variations 
in the strength of individuals can be met by assessing the 
economic load to be carried and lifted as a definite fraction 
of the body weight. 

4. “ The tentative conclusion is reached that 50 tbs. 
for '' convmienthj disposed ” loads and lbs. for “ incon- 

15 ‘‘Physique of Women in Industry’’ : Tathcart and others, 
I.F.R.B. Report No. 44. 
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veniently disposed ’’ loads is about the maxiTmim physio- 
logically economic load for uromen continually engaged in 
carrying 

5. According to laboratory researches of the 
“ physiological cost of carrying y' the most economic load 
appears to be about 35 per cent of the body weight, though 
the actual percentage will depend on the mode of carriage. 

There is however the difficulty caused by the first 
conclusion above that generally women of special strength 
and capacity take to more strenuous, occupations. Hence 
after considering the anthropowMric data, two sets of 
conclusions are arrived ; those applicable to the average of 
the subjects examined and to ordinary women engaged in 
industries not open to the selective influences; and those 
applicable to adolescent girls. 

The following conclusions are finally 

Final conclusions. - _ t • 

deduced by the learned investigators : — 

1. Maximum loads should be 40 per cent of the body 
weight for continuous and 50 per cent for intermittent 
carrying; which approximate to 45 and 55 lbs. according 
to the average of the data examined. 

2. Optimum load for continuous carriage by the 
average healthy women is 45 lbs. ; though 50 lbs. will not 
be fatiguing in such a case ; with a possible increase of 20 
per cent if the load is compact and easily handled. 

3. In the case of adolescent girls the risk of malfor- 
mation and distortion of the body is very great; and 
therefore the investigators have prescribed an alternative 
limit of 2S to 30 lbs. for female young persons 14 — 16 and 
a limit of 40 lbs. for female young persons 16 — 18 years 
of age. 

We have given such detailed description of some of 
these Experimental investigations by the Industrial 


w Ihid. 

F. 31 
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Fatigue Research Board, to show the national importance 
attached to these matters in western 
The object of countries, where things affecting the vital 
mentei ™et»ii8.^" interests and health and safety of the 
workers who are the producers of the 
national wealth are not left to the idiosyncrasies of 
indvidual employers. 

Even in times of a national Emergency like the Great 
War, health and safety of the workers were receiving 
adequate attention. In fact the Ministry of Munitions in 
Great Britain was responsible for initiating most import- 
ant investigations into the physiological 
England's exam- requirements of the workers, and the 
ment orwar^tot. Industrial Fatigue Research Board and 
Medical Research Council were especially 
organised on a permanent basis due to the demands of War 
industries for evolving measures to preserve the safety and 
health of the workers. Most of these experiments have 
been made by scientists of international fame who have 
made these investigations after intensive observation and 
detailed inquiries for years on end. In fact the scientific 
work and Research into the questions of health, safety and 
physiological requirements and optimum conditions of 
temperature, humidity, and air-velocity, etc., conducted by 
these standing Government Boards and committees in 
England, is unsurpassed by any other country. 

It is unfortunate that despite the remarkable progress 
in modern industrialism in India and her rapidly growing 
industrialisation, sufficient attention has 
Indian apathy not been paid to the growing requirements 
p^btos! * Govern- of Suitable labour legislation. The Govern- 
ISbSur reTimh. ment of India of course have tried to keep 
pace with the important recommendations 
of the I.L.O. and the I.eague of Nations. But this 
alone is not adequate to meet the demands of the 
situation. The public apathy in the matter safe- 


Indian apathy 
towards labour 
problems. Govern- 
ment’s neglect of 
labour research. 


of the I.L.O. 
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guarding the interests of the average worker is reflected 
in the indifference of the Grovernment towards Labour 
Legislation, and in taking a keen practical interest 
in labour welfare. The modest recommendations of the 
Royal Commission on Labour in India have also been 
mostly shelved due to reasons of alleged financial 
stringency. The Government of India does not maintain 
any Labour Exchanges, any standing body like the British 
Medical Research Council or any important Research 
Committee to study labour welfare questions, and there is 
of course no question so far of having such Legislation as 
the Old Age Pensions Act, Housing Act or National 
Insurance Act, either in the mind of public men or the 
Government of India. The appalling illiteracy and hope- 
less disorganisation of Indian Labour leave little hope for 
much future progress. There is hardly any labour 
electorate for election to the Legislatures and there are only 
some Government nominated representatives in the Central 
Legislature. The Government is not so much to blame for 
these obvious deficiencies, for the public mind and social 
conscience have hardly been aroused to the great importance 
of social legislation for prescribing national minimum 
standards for various requirements of the workers. 

The whole trend of this thesis based on the experi- 
mental results of eminent industrialists and scientists has 
been to the effect that, generally speaking. 
Provision o f any improvement in the physical environ- 
a paying propoei- meut ot the workers and atmospheric and 
internal conditions of a factory or anything 
done to improve the comfort of the worker 
while at work, is in most cases found to be a paying 
proposition as it results in increased output which more 
than compensates for the cost involved.*’ This has been 


Vide article “Welfare Work in Industry,” Uhap. VII. 
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the experience of most industrialists themselves as well 
as independent scientific investigators* who have studied 
the question on behalf of British and other Governments. 
The employers therefore should do their very best to 
improve the conditions of work; as bad environment is 
ultimately a drain on industrial earnings*. 

The Government of India made a good beginning by 
appointing the Bureau of Industrial Research & 
Intelligence in 1934-35 ; and it was hoped 
that this Bureau will undertake some use- 
indr^^Bereau of investigations into the conditions of 
and''"^inteUigence^ Labour Welfare. But the object and 
a misnomer. programme of the Bureau have been 

altogether misconceived, which does not 
have a single eminent physiologist, or expert in Indus*trial 
and Labour Economics on its personnel to study labour 
and industrial questions and conduct industrial researches 
of all-India importance. It is* hardly more than an 
extension of the Alipore Test House, to test samples* of 
products of various industries. It seems designed to help 
the marketing of the products or for similar purposes or 
to give some technical advice, if at all, about the quality 
or contents of various articles. In this sense, the name 
“ Bureau pf Industrial Research ” is hardly justified and 
about its “ intelligence ” service also grave doubts must be 
expressed, for there is no Statistician with specialisation 
into industrial and labour questions on its staff who can 
competently handle or prepare reliable indus*trial informa- 
tion and statistical statements about the Indian Industries. 

The name had raised hopes in the mind of technical 
students, that the Bureau will be a sort of standing 
^ ^ Committee more or less* on the lines of the 

W h a t the . 

Bureau should have Industrial Fatigue Research Board, or at 

done? Its proper i i i . i n , 

personnel. least Undertake in part work of that 

description, which is desirable urgently in 
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national interests, by having some eminent industrial 
economists. Labour Statisticians and Industrial Psy- 
chologists on its staff. It is therefore most regrettable 
that the Government have not constituted this Bureau true 
to its designation, according to the personnel of such 
bureaux and Boards in England and elsewhere; and it is 
seriously doubted that the bureau in such circumstances can 
do any work of much value to industries or in the best 
interests of the Indian workers. It is urged that the 
Government of India may soon take proper steps in this 
respect by levying some tax on the industries, if necessary, 
for doing useful and imperative work of this type which, 
though of value to all industries and workers’ organisa- 
tions, cannot be undertaken by any industries or firms 
singly in their individual capacity. The cost of a standing 
Board of Industrial Research under Government for 
investigating matters of vital interest to the health and 
safety of the workers which is of emergent national 
importance must be contributed according to the capacity 
of each industry by the whole group of industries as well 
as the Central Government. , 


In the dangerous trades specially attention to the 
safety and Health of the Workers are very great. The 
Indian Factories Act specifies various 
an^^amdents™^^ Safeguards, and fences, etc., and other 
compulsory devices to ensure the safety of 
workers’ lives and minimise accidents, and the Indian 
Mines Act also has a similar set of provisions. But these 
simply are not enough. In each particular industry the 
dangers and risks must be studied carefully by the manage- 
ment with the co-operation of the Workers. 

With this view “ Works Councils ” have been common- 
ly instituted in various countries with representatives 
of employers as well as employees to study the points 
of conflict between the parties and to investigate matters 
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which affect workers’ comfort and safety. A successful 
“ Works Council ” makes also for smooth 
" Works Coon- relations between the labourers and 

oils ” and “ Safety . i • i. 

Rirst” piopangada. employers, and improves production by 
ensuring the contentment of the workers. In Indian 
industries such Committees and Councils are few; and 
successful ones are much fewer, with the result that there 
are recurring labour disputes. Elaborate ‘ Safety First ’ 
propaganda is carried on by Governments and bodies of 
employers in various countries in Western countries like 
England, Belgium and Germany and the United States in 
order to improve safeguards on machinery and provide 
adequate fencings and other protective measures in order 
to minimise accidents which require a heavy cost in 
compensation in countries where wages are appreciably 
high as in the west. In India and Eastern countries 
accidents receive so scant attention mainly because many 
industries consider that the cost of compensation for 
injuries and accidents is not so very great for them to bear; 
and some of them veer round to the callous view that to 
provide these additional safeguards and special Safety 
measures is more costly on an annual basis than the actual 
cost of annual compensation in their factories. This 
seems hardly a correct estimate, for with the worker whose 
compensation is calculated on the “ wage ” basis, his skill 
and experience also is lost. This requires the cost or loss 
due to the additional training, and additional turnover. 
To take a leading example, the Tata Iron & Steel Works, 
Jamshedpur, paid about Rs. 44,000 in compensation for 
26 partial, 22 permanent and 21 fatal accidents in 1928, 
and this is not such an insignificant annual amount, even 
for large works of the size of Tatas. In smaller indus- 
tries the recurring cost of compensation and lo^ of skill 
and increased turnover must be proportionately much 
greater and a serious drain on the income of the industry. 
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In Europe and America the relation of accidents to 
the human factors is fully realised by industries as well as 
the public. The ensuring of the ease and 
Ford Shops : comfort of the worker is a sure incentive 
effect^ on to better production and smoother relations, 
and means to afford such ease and comfort 
are adopted in the interests of output and not from any 
philanthropic motive. For instance the Ford Factories in 
Canada employ hundreds of safety devices and almost 
every safeguard has been adopted by the Ford Engineers. 
The piling of stocks, lighting and cleanliness, are ideal 
and the movement of workers is reduced to minimum by 
mechanical automatic supply of materials and tools to 
each worker at his place. Everything in fact has. been 
done to reduce fatigue and useless effort and lessen 
accidents.^* 

The question of Safety Devices is an Engineering 
problem as well, and the safeguards some of which are 
built integral with macbinerj must vary 
The benefits from with the innumerable type of machines in 
oi-Kani- ^gg . fc^ere is no place for 

engineering details in this study, which 
must be reserved for separate treatment. But the question 
of Safety-First and Accident Prevention has now assumed 
international importance, and non-official national Safety- 
First associations have grown up in important industrial 
countries of Europe and America to do propaganda work for 
ensuring safety of the workers. The British Safety First 
Association has done a lot of useful work of this type and 
the Factory Inspectorate is in close touch with it. The 
co-operation of the employers and employees is indispen- 
sable for accident prevention. Bold Safety Bulletins in 
Vernacular and illustrations of points of hazard in pro- 
minent colours are most useful and Indian industries are 

** Arnold and Faurote : Ford Methods and Shops, pp. 418 — ^22. 
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not quite alive to their importance. Dangerous parts of 
the machinery should according to Dr. Brisco be coloured 
in bright red to call pointed attention to them, and this 
is a safe and inexpensive suggestion. As according to 
Dr. Vernon, about 90 per cent of the causes of industrial 
accidents are attributable to some sort of negligence or 
carelessness on the part of the worker, an active realisa- 
tion of the danger by the prospective victim is the first 
necessity in bringing some reduction in preventable 
injuries. 

We cannot do better than advert to the Safety Devices 
mentioned in the National Safety Code prepared by the 
United States Bureau of Standards for 
u. s. National tho protection of the Heads and Eyes of 
protection^'^of the Workers (most important parts from 
head and eyes. point of view of accidents) which is 

the result of detailed investigations of 20 
experts.* The number of industrial operations injurious 
or dangerous to heads and eyes are extremely large and 
they are classified by this Code mainly as {i) 'protection 
against large flying objects, e.g., chipping and some 
riveting operations; {ii) protection from dusts and small 
flying particles; and from winds, splashing material like 
lead joints and casting hot metals; {Hi) protection from 
fumes and gases and liquids; (iv) protection from excessive 
amount of reflected light; glare and injurious radiant 
energy; and (®) protection from injurious radiant energy 
and visible radiant energy beyond moderate degree. The 
Code after classifying the various risky processes defines 
the diferent classes of appliances to protect the head and 
eyes: — (i) Goggles of three types — with a flexible frame; 

19 Dr. H. M. Vernon : I.L.R., May, 1926. 

99 United States Department of Commerce — Bureau of Stand- 
ards — National Safety Code for the protection of Head and Eyes: 
1923, p. 66. 
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with rigid adjustable or non-ad justable bridge to suit 
various processes; {ii) Face masks protecting the eyes and 
all parts of the face; (m) Helmets to cover eyes, face and 
other parts of the head; (i«) Hoods, completely covering 
the head, neck and part of shoulders ; and {v) Shields, held 
in the hand or forming part of the machine beside gas 
masks over nose, etc., to protect these delicate parts 
against industrial dangers. 

Apart from these protective measures and safety 
devices, provision has to be made against the increase of 
sources which lead to rari.ous industrial 
Industrial diseases and occupational internal risks in 
hazards* » “ a hazardous industries. These occupational 
diseases are also in the purview of the 
Workmen’s Compensation Acts in the various western 
countries and there is an increasing tendency to compre- 
hend these purely “ industrial diseases ” and hazards 
under the term “ Accidents.” 

The worker is a man first and last, and he responds 
with his whole being to the stimuli of light, beauty, clean- 
liness and order. Therefore any attention 
theTStrfecter' paid by the management to increase his 
mental satisfaction and improve his en- 
vironment and comfort during work is. generally speaking, 
sure to bring out better reaction from the worker’s side 
unconsciously and must in general result in increasing the 
relative output, after making due allowance to satisfactory 
adjustments. Any such ameliorative measures making 
for better working environment and a healthful atmosphere 
must also add to the worker’s efficiency and indirectly if 
not directly lead to a reduction in the rate of accident 
frequency. Tt is wrong to look at the worker purely from 
a mechanical standpoint or from the point of the “ cash 
nexus,” which is not only unnatural but must lead to 
increased friction. As Dr. Drever has pointed out the 
F.S3 
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urge to industrial activity springs from deep “ spiritual ” 
impulses which affect the whole being of the worker; and 
it is injurious to all concerned to ignore these intimate 
sources of industrial endeavour.®* 


J. Drever : Htiman factor in industrial relations (“In In- 
dustrial Psychology,” edited by C. S. Myers, H.U.L., pp. 17 — 19). 



VII. WELFARE WORK IN INDUSTRIES* * * 


Large factories in Europe and America have, during 
the last twenty years, paid increasing attention to 


Definition o 
Welfare Work. 


‘ welfare work,’ which has brought about 
a great improvement in labour conditions. 


Welfare Work or what is sometimes called 


Social Betterment ’ and ‘ Model employment ’* consists 
of ‘ voluntary efforts on the part of employers to improve 
within the existing industrial system the conditions of 
employment in their factories.’® It does not, in this 
narrow technical sense, postulate any fundamental change 
in the capitalistic basis of industrial organisation; but it 
certainly implies a new attitude on the part of the manage- 
ment and a new social responsibility. 

During the Great War, a great impetus was given to 
Welfare Work in Great Britain. In view of the great 
national emergency, the Government did 
Industrial export- everything possible to stimulate produc- 
Great w^® **** tion. Experiments in Welfare work were 
made on a vast scale in the Munition 


factories and controlled undertakings and measures taken 
to improve the environment and comfort of the workers 
were in most cases economically justified, resulting in a 
great increase in output. 


* For this Chapter full acknowledgments are due to Mrs. A. B. Adair » Bditori 
The Ananda, Madras. The Article appearing in that Magazine under the title 
“ Humanising Indian Industry ” forms the present chapter. — Author, 

* Macgregor: Evolution of Industry. 

2 Proud : Welfare Work. 

3 Hutton ; Welfare and Housing. 
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The growth of Welfare work is 'partly due to a new 
spirit of ‘ moral industrialism ’ which has come to recog- 
nise that the ‘ cash nexus ’ is not the sole 
iare°woA basis of relationship between employers 

and employees.* But it may be admitted, 
that . . . ‘ business is business,’ and in industry purely 
‘ economic ’ factors are more powerful than sentiments. 
Economic motives, hope of increased production per capita 
and of increasing profits in the long run are therefore, in 
most cases, the preponderating considerations in Welfare 
work. It would, however, be rash to suggest that no 
humanitarian feelings are involved, since man’s actions 
result from very complex motives; and many of the great 
leaders of industry who pioneered ‘ welfare work ’ have 
been men of broad social sympathies. 

The worker is not a mere ‘ hand,’ but a human being 
first and last. He is a sensitive creature, whose productive 
energy is affected by his environment and 
psychic reactions to the stimuli of light, 
air and beauty, and of temperature and 
humidity inside the works. The new Science of Industrial 
Psychology has demonstrated that these are important 
factors in determining the worker’s efficiency. We can 
thus conceive of an optimum standard of these require- 
ments which industries must strive to reach in order to 
yield the greatest contribution to the National Dividend. 
One must agree with Professor Pigou’s^ suggestion that 
the State must fix the minima of each of such requirements 
in the interests of Society; and no factories must be 
permitted to bring in degraded conditions. 

In America, a new “ Efficiency movement ” has been 


* John Lee: Principles of Industrial Welfare. 

Pigou : Lectures on Housing, Manchester TJniveisity. 
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started to emphasise the importance of ‘ Model Employ- 
ment ’ in a purely economic spirit. To 
“Efficiency Brisco,® it is a mere ‘ dollars-and-cents 

Movement” in ... , 

America. proposition as it improvcs productivity 

and the relations between capital and 
labour. But, whatever the motive, it is, a fact that Trade 
Unions resent welfare work as a ‘ dole,’ and ‘ insidious 
philanthropy,’ which will impair their class solidarity and 
damp their fighting zeal, and may even prejudicially affect 
wages. The new worker wants good conditions as a right 
and therefore wise industrialists do not expect gratitude 
for betterment measures. It would, perhaps, show a 
better moral sense if there is less trumpeting of the 
philanthropic motive; and it would certainly lessen the 
suspicion of the workers, whose sense of self-respect and 
independence will not be undermined by accepting 
‘ charity.’ 

In India, factory labour is not well-organised, and the 
Indian worker is not even half as self-reliant or aggressive 
as his western brother. Patronage is highly valued in 
Indian Society, and the Indian labourer, helpless on 
account of his abysmal ignorance, looks upon any conces- 
sion from employers with a ‘ mai-bap ’ feeling which is 
often demoralising. With greater organisation, mass 
education and filtering in of the western proletariat feeling 
he is becoming more self-reliant and restive. When 
screwed up, during periods of conflict by outside agitators, 
he ceases to be the meek creature that he was ; and therefore 
Indian big employers are seriously considering the intro- 
duction of welfare arrangements to placate the labourers 
and lessen the recurring troubles. Bad environment and 
neglect of labour welfare may be one of the important 
causes of incessant strikes in India. 


B Brisco: Economics of Efficiency. 
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The prospects of welfare work can only be increased 
by a demonstration of its economic feasibility.’ I give 
here the results of certain industrial 
Economic jucti- investigations. According to Professors 

fication for welfare tt • i j n i i. 

work. Urwick and Brisco, normal capacity has 

been found to increase by 17 to 20 per cent 
from changing bad lighting arrangements to well lighted 
conditions. Good lighting is therefore an essential con- 
dition of efficient work. Bad ventilation increases fatigue 
and brain-fog. In India, ventilation is seldom sufficient; 
and illiterate workers and ‘ inefficient ’ employers alike 
care little for it. One of the most remarkable features of 
the Ford workshops is the ‘ Hollow-Column Air Circula- 
tion System,’* which avoids air-pipes, by making all inside 
floor-supporting columns hollow, with openings near the 
ceiling, to regulate air supply through ‘ air-conditioning 
units.’ Some big Indian factories should consider its 
adoption. 

Attention must be paid to every detail. Experts say 
that air in a factory should move 2 to 5 ft. per minute. 

In Illinois, U.S.A., the law provides for 
Some standard 1.800 cubic feet of air per hour for each 
minima peison in a factory. The window and 

conditions. door space must be ^ of the floor area. The 

space allowance per person should be at 
least 250 cubic feet in daylight and 400 cubic feet in the 
dark.'-' These are considered roughly as good minima by 
experts. In India, the Factory Act does not provide for 
such minima to ensure the safety of the employees; and 


Brisco : Economics of Efficiency. 

^ Arnold and Eaurote: Ford Methods and Ford Shops. 

Cf, Watkins: Labour Problems; and H. L. Srivastava, 
“Economics of Industrial Accidents” (M. S.— Economics Depart- 
ment, Allahabad University) for detailed information. 
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much is left to the careless fancy of an overbusy factory 
inspector. In India, also, factories are often very clumsily 
constructed and ill-adapted for the working of modern 
machinery, which leads to a large number of accidents. 
According to the Bombay Factory Report, for 1923, out of 
eighty-two fatal injuries, thirty deaths were reported as 
due to the ‘ collapses ’ caused by overloading the ‘ original 
end wall ’ with the new structure, during an extension in 
the Ahmedabad Mill; and, at another mill, ‘ the mishap ’ 
was due to the addition of a second storey.*® No new 
machinery should be allowed to be installed in an old 
building without previous approval of the structure by the 
Factory Inspector; and drastic changes in the size of the 
plant should be controlled. 

Dr. Vernon** found in the munition factories that, on 
an average, the night accidents were 17 per cent more than 
the day accidents. Hence proper lighting 
Optimum light- regulations are very important. In a 
and’ hnmBSy™*^”™ tropical country like India, suitable tem- 
perature requires first attention. Dr. Hal- 
dane observed that 80° F. with moderate humidity and 
70° F. with high humidity caused depression, dizziness 
and headache; and such are the ranges of temperature in 
many Indian factories in summer. The ‘best working 
temperature ’ was found to be 05° to 70° F. , with an average 
humidity of 60 to 70 per cent. This is borne out also by 
the experiments of Drs. Vernon and Osborne*® at two large 
shell and fuse factories during the War after almost twelve 
months’ study. They found the leas^t number of accidents 
occurred at a temperature of 65° to 69° F. 


*0 Bombay : Report, Chief Inspector of Factories, 1923. 
International Labour Review, Vol. XIII, V, p. 681. 
I.L.R., Vol. XIII, V ; Vernon: The Human Factor in 

Industry. 
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In India little attention is paid to Welfare work, prob- 
ably because labour is extraordinarily cheap. No better- 
ment measures are undertaken to improve 
Chief reason for efficiency because men can be had to bring 
^k*in about increased production at cheaper 

price than the cost of welfare activity 
required to stimulate the expected increment in output. 
Dr. Gilbert Slater thought that the chief reason for employ- 
ing proportionally more labourers for the same task in the 
Buckingham and Carnatic Mills as compared to Lancashire 
was, not so much the glaring ‘ inefficiency,’ as the ‘ cheap- 
ness ’ of the Indian worker ; and he dismissed Sir Clement 
Simpson’s plea that the Lancashire Cotton worker was 
2‘67 times as efficient as the Indian as hardly more than an 
arithmetical quibble. This factor needs further investi- 
gation.*^ 

Cooling and humidifying apparatus is urgently called 
for in Indian cotton mills in summer; and it could hardly 
prove more costly than heating the Lanca- 
cooiini and shire Mills in the cold season. It is 
indUn gratifying to Icam that ” Ahmedabad has 
eotton miiiB. rccognised the need of efficient cooling and 
ventilating arrangements ;” and that the 
Sholapur Mills have installed ‘ several special ventilating 
and humidifying plants ’ to ‘ neutralise the trying climatic 
conditions ’ at these centres.** The Government must 
make these measures compulsory at least in big Cotton 
Mills, as their economic practicability is almost established. 
At present, even Kata thermometer and hygrometer read- 
ing records are not compulsory in most provinces, and we 
cannot get an idea of actual temperature and humidity in 
the Cotton Mills. 

^3 Indian Industrial CommisBion Report. 

Bombay : Report, C. I. Factories, 1927, 
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We now take up the much disputed question of Long 
Hours and Overtime, which appear to be positively injuri- 
ous, beyond a certain point, in their effect 
, on the total output, as wasi discovered by 
Long Hours” many British factories during the War. 
able ; Experimental After the first fevcrish rush it was 
found that, at least in two important 
districts (Leeds and Glasgow), employers 
refused to allow overtime, even though men were willing to 
work.”*® Many factories found it more economical to 
reduce the working hours. The experience of a crown 
factory is said to be that “ any lengthening of the day 
beyond 6 p.m., and a total of 8^ hours’ work daily exhausts 
the workers and is of no advantage in increasing output.”** 
Another factory with 2,000 women and girls is quoted by 
the Factory Inspector as reducing the hours from 7 till 6 
to 8 till 5 and ‘ output remained the same.’*'* “ Experience 

in Europe arid America has undoubtedly continued to 
show,” says Professor E. J. Urwick, “ that a reduction of 
the 12 hours day to 10 hours (8^ actual), or even less, is 
accompanied by a greater regularity of work and quicker 
production, with little or no diminution of total output. 
In many cases there has been an actual increase of produc- 
tion.”** Professor Urwick substantiates his conclusion 


with important examples from experiments in America 
and Europe. “ In 1917 the Ministry of Munitions 
reported a 10 per cent increase in production of men when 
hours were reduced from 10| to 9| actual.”** “ This firm 


*® Proud : Welfare Work, p. 152. 

*« Grt. Britain : Eeport, Chief Inspector of Factories, 1914. 
*’ Ihid. 

** Report by London Welfare Committee for the Tata Wel- 
fare Work Scheme and Papers by Prof. E. J. Urwick and Mr. and 
Mrs. Sydney Webb, etc. (not published). 

‘9 Ibid. 

F.33 
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have been working overtime continuously for several 
months,” a firm is quoted as reporting, “ but have found 
it absolutely necessary to stop it for a week as the strain 
was becoming too great and the number absent through 
illness was so large. Professor Urwick cites the case of 
a tobacco factory where “ an increase of 30 to 50 per cent 
in ailments among the work-people was discovered after a 
period of overtime working. The necessity for proper 
rest-pauses cannot be overemphasised. In their absence 
‘ surreptitious breaks ’ and ‘ lavatory loitering ’ are 
frequently resorted to by women; and “ it only shows how 
great the strain is on women and girls that they should 
desire rest so obtained.”** “ With properly adjusted 
intervals for rest,” says Proud, “ it is less strain to 
produce the same quantity in a nine hour day than in a 
ten hour day.”*® During incessant work, without good 
rest intervals, muscles become rigid and less responsive to 
nerve stimuli, as the toxic impurities accumulated during 
continuous effort poison ‘ the nerve cells in the grey matter 
of the brain. The attention therefore flags; rhythm of 
movement is less regular; and there is an increase in the 
number of serious accidents which may require huge 
compensation cost. “ The efficient cycle should be work 
to the period of sensation of fatigue and sufficient rest to 
repair the body of its losses.”® ‘ Speeding up,’ the result 
of Taylorism or ‘ Scientific Management’ overtime 


Grt. Britain: Report, Chief Inspector of . Factories, 1913. 
21 Report by London Welfare Committee for the Tata Welfare 
Work Scheme and Papers by Prof. E. J. Urwick and Mr. and Mrs. 
Sydney Webb, etc. (not published). 

2* Grt. Britain : Report, Chief Inspector of Factories, 1914. 
2-1 Proud : Welfare Work. 

2^ Brisco : Economics of Efficiency. . - 

25 Ibid, 
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bonuses and piece-work are sure to bring exhaustion, 
especially in the case of ill-nourished workers in the 
enervating climate of India. Welfare departments must 
make a careful and scientific study of these questions 
which are of greatest significance to all businesses ; and 
must adopt sound measures to reduce fatigue and avoidable 
ailments, resulting in absenteeism, misery and economic 
loss. 

Welfare Work generally includes the provision of all 
facilities which are conducive to the realisation of the 
workers’ full physical, mental and moral 
efficiency. During work it includes the 
provision of optimum standards of venti- 
lation, light, temperature, sanitation and hygiene; and the 
investigation of such general problems as hours of work, 
fatigue, half time, shifts, rest pauses, labour before and 
after maternity, provision of crfeches for children during 
work hours, safety first measures, provision against hot 
floors, heat, glare, noise and dust, fumes*® and dangerous 
gases; as well as meals during work hours, provision of 
rest rooms, shower baths and recreation during intervals, 
and first aid treatment in case of injuries. We are pri- 
marily concerned in this article with Welfare Work inside 
the works; but cannot touch more than a few items in our 
discussion. The shift system of work which obtains 
specially in the Jute mills is certain to cause a great and 
alarming disturbance of family life and is liable to great 
abuse on the part of employers and deception on the part 
of workers. It makes the observance of factory laws a 
difficult affair. It is being gradually abandoned by many 


^Cf. Watkins: Labour Problems; and H. L. Srivastava, 

“Economics of Industrial Accidents” (M.S., Economics Dept., 
Allahabad UniTersity) for detailed information; 
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of the Jute mills. Pre-natal and post-natal period 
requires stringent regulation in the case of woman 
labourers. Though there is a system of leave with pay 
instituted voluntarily by many important Indian factories, 
a definite law for the whole of India, providing for 
maternity benefits and humane treatment of such woman 
workers, is urgently called for in the interests of the 
future generation. Maternity cases naturally demand the 
close attention of Welfare workers. The question of 
‘ safety ’ and prevention of industrial accidents requires 
greatest attention®’ in the Iron and Steel industries; and 
in chemical, painting, leather working and ceramic trades, 
occupational hazards and possibilities of industrial 
diseases®® are most serious; and these technical matters 
form an important care of the welfare departments. 
Outside the works there is a vast field of ‘ betterment ’ 
activities which is beyond the province of this article to 
discuss in detail. The following list is adapted at random 
from a Welfare Scheme recommended for the Tata Works 
by a Committee of Experts^ : — technical, adult and 
primary education, sanitation, housing, garden planning, 
boulevards, tree planting, rapid and cheap transit and 
communication, parks, baths., ‘ civic centres ’ and public 
halls; infection, prevention, ambulance, first aid and 
medical dispensaries, maternity clinics and benefits ; 
domiciliary visits by health and social visitors, gymnasia, 
playgrounds, worship, social gatherings and clubs, ‘bhajan’ 
parties, circulating libraries, reading-rooms, hygiene and 
temperance campaigns, cinema shows, co-operative stores 
and credit, provision for workers’ leisure and auxiliary 
trades. 

27 Ibid. 

28 Ibid. 

29 Keport by Loudon Welfare Comii^ittee for the Tata Wel- 
fare Work Scheme. 
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In India^ the British India Corporation, Cawnpore, 
the Tata Steel Works at Jamshedpur and Bombay, the 
B. and C. Mills, Madras, and the Empress Mills, Nagpur, 
have Welfare Schemes; but considering 
Some labour the magnitude of the problem, they are 
India. hardly more than a good beginning. Itie 

Buckingham and Carnatic Mills’^^ report 
among their Welfare activities : — ^kindergarten classes in 
the ‘ model villages,’ special technical classes with a free 
mid-day meal for w^orking children, gratuity and savings 
funds, privilege leave, village halls and workmen’s stores. 
The Tata Steel Works have institutes with concert and 
billiard halls for better-class workers, a technical school, 
the activated sludge system of sewage disposal, a dairy 
farm, and a rest-house for Coke Oven coolie women. 
Without going into details, I feel the conditions of the 
Coolie Town and the housing of low-paid employees require 
radical improvement. The social needs and welfare of 
the lower class of workers have not received adequate 
attention, in spite of the fine work done by Mr. Thakkar 
of the Servants of India Society. It is regrettable that 
the Tata Company have neglected a fine opportunity of 
‘ garden-city ’ development, for which Tatanagar has very 
great prospects. Perhaps in the happier atmosphere of 
a garden city many of the recurring misunderstandings 
and conflicts would not have found a fruitful soil, for the 
Company appears to be paying much better wages than 
most places in India. The work done by the British India 
Corporation, under the fostering care of Mr. Mattison, 
deserves a word of praise. The McRdbertganj Settlements 
of the Corporation is probably the best housing scheme of 
its kind in India. 

30 Welfare Work Reports for B. and C. Mills, 1926-27 and 
the B. I. C. 

3* Ibid, 
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A discussion of industrial welfare will be incomplete 
without some reference to the evils of bad housing in 
industrial centres in India. In other 
„ , industrial countries serious efforts have 

Garden cities 

and Town Plan- been made to remedy these evils ; and garden 

mng to counteract ..•i -n n, 

e V i 1 8 of over- cities have been developed at Port Sun- 
crowdmg. light, at BoumevUle and Letchworth in 

England, and at Heller au near Dresden, 
for housing the workers in healthy suburbs connected with 
the works by rapid locomotion. They are proposing to 
build Dormitory towns for coal workers; and Housing and 
Town Planning Acts have been enacted to remedy the 
housing evils. 

Bad housing has serious effects on the health, efficiency 
and moral stamina of the workers. In India, the problem 
has received very little public attention. 
Evils of conges- Let US take the most notorious case of 
lion and ^^^^tous- Bombay, whose average density is over 78 
notoiious example, persons per acre, while the density in its 
industrial areas is from 300 to 500 and at 
places even 700 persons per acre. The narrow, dingy and 
squalid chawls, in which workers are hopelessly clustered, 
rise often six stories high with a small gully between, in 
which the refuse of the privies flows freely. Bombay is 
perhaps the most overcrowded city in the world. London 
has only 6 per cent of her population in one-roomed 
tenements with an average density of 1-92 persons per 
room. Bombay has 66 per cent of her population livjng 
in one-room tenements with an average density of 4 persons 
per room.^® Dr. Barnes, an official medical visitor, in the 
course of her Enquiry found a room 15 ft. x 12 ft. occupied 
by six families of over thirty persons, of whom three 
were women expecting delivery and for whom a space 

Census Report, 1921; and Broughton: Labour in Indian 
Industries. 
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3 ft. X 4 ft. had been screened off. The effects on health 
and morals of such overcrowding, wholly destructive of 
decency and family life, must be most serious. 

The relation of housing conditions to infant mortality 
is very close indeed. 75 per cent of total births in Bombay 
occur in one-room tenements, which also 
Bombay’s infant shows the state of morality and continence 
m°?he’ world!’®*'*** iu thcsc overcrowded homes. The rate of 
infant mortality of the City is over 86 per 
cent, according to the Government Sanitation Commis- 
sioner, probably the highest in the world.“ Is it not absurd 
and quixotic to expect improved efficiency and a contented 
labour force to emerge from these dirty hovels? There 
can be no end to strikes and class conflicts till these bestial- 
ising dens are demolished, and cheap and sanitary houses 
are provided for Bombay workers. It is a most serious 
reflection on the business capacity of the employers, as well 
as on the moral tone of the community, that such conditions 
are allowed to exist. Housing in industrial areas gives 
rise to far-reaching problems which must be carefully 
examined by students of social welfare. 

The actual extent of Welfare Work in any business 
must depend on the finances and future prospects of the 
industry, as well as on the efficiency and 
woTk!* ** standard of life attained by the workers. 

But the real ‘ test of welfare work ’ has 
always been the advance made over the ‘ objective mini- 
mum fixed by legislation,’®^ which has followed with a 
cautious tardiness the example of industrial pioneers in 
‘ social betterment.’ When wages are sufficiently high and 
a standard of ‘ reasonable comfort ’ has been attained by 


^ Census Beport, 1921; and Broughton; Labour in Indian 
Industries. 

^ Proud: Welfare Work. 
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the workers, an investment in welfare work, which would 
increase their efficiency, is theoretically preferable to an 
increment in ‘ nominal wages ’ A sudden increase in 
money wages often leads, as Professor Pigou^® has shown, 
to extravagance and vice among the working classes. 


“ Pigou : Economics of Welfare 
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QAZI MAHMUD BAHRI AND HIS 
CONTEMPORARIES 

BY 

De. M. H. SYEl), M.A., Pn.D., D.Litt. 

I 

The following books on the history of Bijapur and its 
conquest by Aurangzib have been consulted : — 

(1) Qxmiya-iSaldtln-i-Dakkan . — A history of the 
Dakkan from the early Muslim conquest to 1743 A.D. By 
Mirza Mahdi Khan, also known as Nizamuddin Muham- 
mad Hadl. MS. India Office, p. 339. 

(2) Tanmiql-i-Shigarf .—A history of the Dakkan 
from the early Muslim conquest to 1786 A.D. By Lachmi 
Narayan Shafiq Aurangabad!. MS. India Office, p. 1732. 

(3) Futuhdtl-^ Adil Shdhls from their origin to 1643 
A.D. By Fuzuni Astrabadi, commenced by the order of 
Muhammad ‘Adil Shah in 1640 and completed in 1643. 
British Museum Add. 27251. 

(4) Ahvdl-i-Dddshdhdn-t-Biid'p€(,r. — A collection of 
news and dates of the kings of Bijapur, by Mir Ibr^im 
bin Mir Husain Aaadkhanl. In the reign of ‘AH ‘Adil 
Shah II. B. M. Add. 26296. 

(5) Vaqd’V -i-Saldtm-Bijdpur . — A condensed form of 
Mahmud Nama, to which the author has added more events 
down to the time of Sultan Sikandar. By Shailch ‘Abdu’l 
Hasan bin QazI ‘Abdu’l ‘Aziz bin QazI Taj Muhammad, 
compiled at the end of 1699. B. M. MS. Add. 26269, 
p. 320. 

(6) Ahvdl-i-Saldtln-i-BljdjMT . — An abridged history 
of the ‘Adil Shahls from their origin to the conquest of 
Bijapur by Aurangzib, 1097 A.D. By Pirzada Ghulam 
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Muliiyyuddln. Compiled in A.H. 1221. MS. B. M., Add. 
26270. 

(7) Basatlnus-Saldtln . — A History of the ‘Adil 
Shahls from their origin to downfall. By Muhammad 
Ibrahim ZuhayrI. Compiled in 1824 A.D. B. M. MS., 
Add. 26269. India office Persian MS. 3406. 

(8) Ma’asir-i-'Alamgirl . — By Musta'id Khan, 1710 
A.H. B. M. MS. 270a., 936b., printed in the Bibliotheca 
Indica Calcutta, 1870-1. 

(9) Dilktishd.-— By Bhimscn, 1708 A.H. B. M. MS. 
p. 271a, or 23. 

(10) Futukdt-i-Alamgln . — By I^ardas, compiled in 
1109 A.H., p. 269a. Add. 23884. 


HISTOEY OF BAHRI’S TIME 

The Decline of the ‘Adil Shahs. 

Just as the Bijapur Kingdom had originated in a 
military revolt so its decline was marked by the dismem- 
berment of the kingdom into a number of military fiefs. 
The Government was a military occupation carried on by 
the dominant aristocracy and the officials of the state, i.e., 
the Afghans with their fiefs round Miraj and Bankapur, 
the Abyssinians ruling over the eastern province, the Sayyids 
and the Arab Mullas of the Navayat clan of Konkan who 
were alien in origin, but had settled in the country and 
had no intention of returning to their respective homes. 
They married within their own tribes and so there could 
have been no bond of loyalty between them and those whom 
they governed. Such a state could not be called national 
and was evidently doomed to a speedy dissolution. 

For twenty years after the year. 1636 Bijapur enjoyed 
a period of undiminished splendour. Owing to a treaty 
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between ‘Adil Shah and the Mughals, Bijapur was left 
free from attack, and so by 1656 its territories, stretched 
from the Arabian Sea to the Bay of Bengal and it was 
surrounded by a fringe of tributary states. 

Though the early years of ‘Ali ‘Adil Shah were dis- 
turbed by quarrels among the nobles and rebellions in the 
frontier provinces, which were further aggravated by 
Aurangzib’s invasion of Bijapur, 1657, the middle and 
later years of this king’s reign were marked by a greatness 
scarcely less conspicuous than that of his father’s reign. 

In 1672, on the death of ‘Ali ‘Adil Shah, the glory 
of Bijaptir departed. His son Sikandar was only a boy 
of four at the time of his father’s demise and consequently 
the affairs of the state were entrusted to one regent after 
another in quick succession. The country became a prey 
to their selfish greed. 

It was a period marked by a chronic civil war among 
the factious nobles and independence of the provincial 
governors; the administration of the capital itself was 
paralysed and the country was disturbed by occasional but 
indecisive Mughal invasions. 

Under an infant king and the incapable regent Khams 
Khan, the monarchy began to decline rapidly. Disaster 
after disaster followed on all sides and Aurangzib launch- 
ed his campaign in the Deccan which proved fatal to the 
continuance of the ‘Adil Shahi kingdom. One of the most 
humiliating terms of the treaty of Gulbarga was that the 
Sultan’s sister should be sent to the Mughal harem to be 
married to Prince A‘zam. She refused to desert her 
brother Sikandar, but at last had to yield to the demand 
of the Mughals and left the city of Bijapur amidst the 
tears of the citizens.* 


* Basatinus Halatln, p. 434. 
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The revolt of the Afghans under Bahlol Khan drove 
the regent to beg the aid of the Mughal Viceroy in pacify- 
ing the Afghans or extirpating them. It was an aid which 
was promised in return for co-operation from the ‘Adil 
Shahi troops in the attack of the Mughals on Shiva. 

Unfortunately for Khavas KJian, Bahlol Khan heard 
of this arrangement, and struck first. It was an easy 
matter for him to abduct Khavas Kh an, fling him into 
prison and seize the regency without striking a blow, for 
owing to the unpopularity of the Abyssinian no one was 
prepared to support him. 

Bahlol Khan and his Afghan soldiers proved even 
more incompetent than Khavas Khan. As. a result of this 
fact there was soon disorder and confusion in the country 
which finally ended in civil war. 

From 1680 to 1683 the ‘Adil Shahis were free from 
foreign attack, but this relief was too late to be of any 
use, for their monarchy by now was in the last stages of 
dissolution. 

Aurangzib attempted to enlist the assistance of 
Bijapur in his contemplated attack on Shambhu of the 
Deccan, but no response came to the Emperor’s appeal. 
On the contrary, he received repeated and clear proof of 
the help that the Marathas used to get from the Bijapur 
Government. So Aurangzib decided to increase the pres- 
sure on Shambhu by making a diversion against the Bija- 
puris, and compelling them to concentrate their resources 
on the defence of their own realm. Accordingly sundry 
and desultory attacks were launched against Bijapur, 
which effected no conquests beyond subduing defenceless 
villages and the surrounding corn-fields. 

The Emperor personally came to Ahmadnagar to carry 
on the campaign, but as the Mughals were at this time 
fully occupied with the Maratha war, it was not until 
1685 that Bijapur itself was besieged. 
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The city was now in a lamentable condition. Sidi 
Mas'iid, who had for the last five years, as vazir, struggled 
to reform the Government and restore order and peace in 
the country, failed in his attempt and left it in disgust.® 

His successor, Aga Khusraw, died after six months in 
1684. Sikandar ‘Adil Shah himself was forced to under- 
take measures for the defence of Bijapur. In spite of 
Aurangzib’s friendly advances, Sikandar ‘Adil Shah 
declined to change his decision to support Shambhu and 
replied defiantly to all the Emperor’s overtures, entreaties 
and commands which he made repeatedly to bring him 
round to his side. This incident led to the siege of 
Bijapur in 1685. 

At first the Mughal operations were languidly carried 
on, for the Mughals were not sufficiently expert and alert 
in capturing forts by siege. The garrison, fighting in 
behalf of the adversary, was so active and prompt in mak- 
ing sallies on the besiegers that the Murals were unable 
to hem the fort round and prevent all entrance and exit. 

The arrival of allies from the Deccan stimulated the 
energies of the Bijapuris to such an extent that they were 
able not only to create diversions in other parts of the 
country but to cut the Mughal lines of communication, so 
that Mughals began to suffer from scarcity of food. Had 
it not been for the courage of Prince ’A'zam, who was in 
sole charge of the Mu^al forces, the siege would probably 
have been abandoned altogether. 

The author of Maa.sir-i-‘AlamgirI relates a very 
touching incident regarding Prince ’A'zam’s dauntless 
determination to carry on the siege at any cost. When the 
prince found his chief officers wavering, he gathered them 
together and asked them if they were really willing to 
co-operate with him in his endeavour to capture the fort 

2 BasaUnws Saldtin, p. 446 . ' 



272 tpE ALLAHABAD DNIVEHSITY STUDIES 

of BijapS^' He added that su far as he and his two sons 
were concerned they would not budge an inch from their 
post of danger so long as they breathed. In reply to this 
appeal all the officers cried with one voice and assured the 
prince that they were of one mind with him and they 
would do everything for him and his campaign. 

When Aurangzib heard of his son’s bravery he sent 
fresh supplies and reinforcements to the camp. The news 
that the Imperialists had succeeded in subduing the 
Marathas inspired the Mughal army with new zeal and 
vigour to accomplish their task. In spite of the fact that 
the Emperor arrived in person on the scene of the war 
and in order to accelerate the conquest of Bijapur took the 
command into his own hands, it took full seventy days 
before the siege was brought to a conclusion. When at 
last the city fell, its fall was not due to any organised 
assault. Aurangzib’s grim determination, zeal and self- 
sacrifice, combined with the confusion within the city, 
caused the Bijapuris to lose heart. They felt that the 
‘Adil Shahi monarchy was tottering to its fall and that 
its cause was hopeless. It was hardly a worse lot for the 
puppet king to become the pensioner of Aurangzib than to 
live as the prot^g4 of his own regents and ministers. 

In these deplorable circumstances the city of Bijapixr 
fell into the hands of the Mughals and Sikandar, the last 
of the ‘Adil Shahi Sultans, renounced his hereditary title 
and the throne and threw himself on the mercy of the 
Mughal Emperor, who at first treated him with the con- 
sideration and honour due to his rank and seated him next 
to his son in the open darbdr. Sikandar’s'* property at 
Bijapur was, however, attached and he was ultimately led 
away into captivity, in which he languished for fourteen 
weary years until at last death released him, at the foot of 


3 Isliwar Das, 104. Dilkushd, 202. 
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Satara fort which Aurangzlb was trying to ^^ure. In 
deference to his wishes he was buried in Bijapur near the 
tomb of Shaikh* Fahimullah. his spiritual preceptor. 

Bijapur then presented a dismal appearance, as all 
its former grandeur and glory had departed. It was made 
the seat of a provincial governor. The revenue of a king- 
dom was no longer spent on the city as it had been former- 
ly. Most of the noblemen, magnates and members of the 
royal family, who at one time had adorned the city with 
their presence and retinues, had either disappeared or 
died. Thus there was no one to patronise and encourage 
the cultivation of the fine arts and poetry, which had been 
fostered by the ‘Adil Shah! kings and the noblemen of the 
time. Two years later more than half the population was 
swept away by a devastating plague, which removed the 
few cultured men who had survived the ravages of time. 
Thenceforth. Bijapur lost all its glory, culture and fine 
arts, which are still traceable in its numerous decaying 
but wonderful monuments and in its soul-inspiring mystical 
poetry, which has been rescued from total oblivion through 
the commendable efforts of a few lovers of literature. 


Condition of Society in AitrangzIb’s Time 

The aftermath of Aurangzib’s conquest of the kingdom 
of Bijapur is seen in the utter desolation and deteriora- 
tion of the people with its attendant decline of the fine 
arts and, what is more deplorable, in the low intellectual 
type of the people who lived in those days.® Dominated 
by the self-sufficiency of Aurangzib who would delegate 
no responsibility to his sub-ordinates, the younger 


* BasaMnus Scdstin, p. 455. 
B DilhUsha, 11 150 b, 

P. 35 
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generation grew up without any initiative or ambition for 
progress, and with the lack of leisure caused by incessant 
warfare the culture of the aristocracy decayed. Along 
with it the intellectual level of all classes in India sank to 
a lower stage. In the letters, anecdotes, and even in the 
works of thoughtful historians of the time ample proof of 
the moral decay of the governing classes are found. Public 
service was not open to talented and well-educated people, 
but was used as a means for making provision for the 
kinsmen of the nobles holding high offices. The decline 
in moral tone was most noticeable among the nobility, who 
now gave themselves up almost completely to luscury and 
idleness. Their harems were filled. Their sons received 
very little education and were taught to have an inordi- 
nately high opinion of their own importance. 

The picture of the Mughal Empire at that time pre- 
sents a dark and gloomy appearance. Luxury and vice 
existed among the nobility; the official classes were so 
degenerate that bribery and corruption were rife in every 
department of the state. The previous kings had left the 
Mughal empire without a rival but by the end of 
Aurangzib’s long reign the conditions changed consider- 
ably. The country was steeped in confusion, chaos and 
heart-rending misery. It was drained by Aurangzib’s 
wars in the Deccan extending over a quarter of a century. 
The mischief done by the Maratha raiders, the large 
number of sieges and the wholesale burning of houses, 
combined to present a most desolate scene. The country’s 
plight was aggravated by the ravages of pestilence, exces- 
sive rainfall and floods. The peasantry in utter exaspera- 
tion took to robbery. They joined the Marathas in their 
raids and added to the existing misery. Thus travelling 
became unsafe and trade was dislocated. This state of 
affairs badly affected the village industries, resulting in the 
economic impoverishment of the country. 
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The accumulated treasures of his ancestors were 
utilized by Aurangzib in carrying on a series of wars in 
the Deccan which emptied the treasury of the state. 
Lawlessness prevailed. The Governors of provinces could 
not suppress the rebels and check the growing unrest and 
political disorder. 

The last years of Aurangzib’s reign were marked by 
disorder and civil war all round. The country was plung- 
ed into misery and became a prey to spoliation. 

The following memoirs of Urdu poets have been con- 
sulted in collecting material for the life and works of 
Qazi Mahmud Bahri and his contemporary poets ; — 

(1) Tazkira. — by ‘Ali Husayn Gurdezi. MS. B. M. 
OE. 2188. 

(2) Gulzdr-i-Ibmhlm . — by Navvab ‘All Ibrahim 
Khan. MS. B. M. Add. 27319. 

(3) Tazkira-i-Hindt. — by Ghulam Hamdani Mu^hafi- 
MS. B. M. OEa28. 

(4) Divdn-i-J ahdn. — by Beni Narayan, poetically sur- 
named Jahan. MS. B. M. Add. 24043. 

(5) Gulshan-i-Bekhdr . — by Navvab Muhammad Mus- 
tafa Khan Shifta. MS. B. M. OR2164. Also printed 
copy in my possession. 

(6) Makhzm-i-Nikdt. — by Muhammad Qiyamuddin 
Qa’im, composed in 1754 A.D. MS. India Office Library, 
p. 3522. Also printed copy in my possession. 

(7) Majmu‘a-i Naghz. — MS. India Office Library, 
p. 3123. 

(8) Gul§han-i-Hind. — ^by Mirza ‘Ali Lutf. MS. 
India Office Library, p. 3126. Printed copy in my posses- 
sion. 
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(9) Gulistdn-i-Bekhezdn . — ^by Hakim Sayyid Ghulam 
Qutbuddin Batin Dihlavl. A copy in my possession. 

(10) Nikdtush Shu'ard . — by Mir Taqi Mir. Publish- 
ed by the Nizami Press, Badaun, India. A copy in my 
possession. 

(11) Tazkira-i-Shu'ard-i- TJ rdu . — by Mir Hasan 
Dihlavi. Published by the Anjuman-i-Taraqqi-e-Urdu, 
Aurangabad. A copy in my possession. 

(12) Gulshan-i-Guftdr . — by Khvaja Khan Hamid 
Aurangabadi. Edited by Sayyid Muhammad and pub- 
lished by the Maktaba-i-Ibrahimia. A copy in my posses- 
sion. 

(13) C amanistoM-i-S hu ‘ard . — by Lachmi Narayan, 
Shafiq. Published by the Anjuman-i-Taraqqi-e-Urdu, 
Aurangabad. A copy in my possession. 

(14) Tazkirde-Shu'arde-Dakkan . — by A. Jabbar Khan 
Malkapuri. A copy in my possession. 

(15) Panjdb Me Urdu . — by Mahmud Shirani. Pub- 
lished by the Anjuman Taraqqi-e-Urdu, Lahore. A copy 
in my possession. 

(16) Urdu-i-Q,adlm . — by Sayyid Shamsullah Qadiri. 
Published by the Taj Press, Hyderabad, Deccan. A copy 
in my possession. 

(17) Dakkan Me Urdu . — by Nasir Uddin Hashiml. 
Published by the Nizam-i-Dakkan Press, Hyderabad, 
Deccan. A copy in my possessiion. 

(18) Ruumtul-Auliyd-i Bljd(pur . — by Sayyid Shah 
Sayfullah Qadiri. Published by the Sibghatu’llahi Press, 
Raicur. My own copy. 

(19) Urdu SJidh Pare . — by Dr.-Muhiyyuddin Qadiri. 
A copy in my possession. 
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II 

BAHBI AND HIS CONTENPORARIES 

Before writing anything about Bahri and hi& contem- 
poraries it is necessary to take stock of the sources from 
which material can be drawn in order to form an estimate 
of the lives and outstanding characteristics of the poets. 

Accounts of the poets and their works, can be obtained 
only from Tazkiras, i.e., memoirs of poeta 

Urdu poetry was designed on the model of Persian 
poetry, and so the Urdu Tazkiras were also composed on 
the lines of Persian Tazkiras. 

The fact that Urdu literature had reached a high 
level of development in the Deccan may lead people to 
presume that the art of Tazkira writing had been in vogue 
for long. Moreover, the encouragement and patronage 
which Urdu poetry received from the ‘Adil Shahi and 
5utb Shahi kings and the popularity which it gained in 
Golkunda and Gujrat, are likely to strengthen the presump- 
tion. But, so far, no authentic evidence is available to 
prove that any such memoirs were written in the Deccan 
in those days when Urdu poetry was cultivated. 

Mir TaqI Mir’s Nikatush-ShiTard is. generally con- 
sidered to be the earliest memoir of Urdu poets. The 
date of the compilation of this memoir is not given, but 
it can be approximately fixed at about 1752 A.D. by closely 
studying the contents of the book and taking into consider- 
ation necessary relevant evidence. Besides Nikdtush 
Shu‘ard there was another Tazkira by Path ‘All Gurdezi 
which was perhaps written in the same year. The Anju- 
man Taraqqi-e-Urdu has published the former, whereas 
the latter is still unpublished. The MS. by Path ‘All 
Gurdezi is available at the A§afia Library, Hyderabad, 
Deccan, and the British Museum OR2188. The third 
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T azkira~Matkhzan-i-Nikdt. by Qa’im Candpuri, was com- 
piled two years later. 

In the 3rd quarter of the eighteenth century Camanis- 
tdn-i-Shu‘ara (1761 A.D.) and Gvlzdr-i-IhraMm (1784) 
were written, in addition to these just mentioned. So far 
as we know, these are the only memoirs of the early Urdu 
poets. They were written after the models of the Persian 
memoirs. The influence of Persian was so great that 
these were written in Persian instead of Urdu. These 
memoirs, evidently, do not throw any light upon the origin 
and development of Urdu, nor do they give us any insight 
into the characteristics and the tendencies of the periods. 
Thus all the salient features which characterise the literary 
history of a country and which should have been mention- 
ed are ignored; even the names, ordinary incidents of the 
poets’ lives and the dates of their birth and death are not 
accurately recorded. The aim and object of the writing 
of memoirs is to prepare an anthology consisting of the 
choicest selections from the works of various poets. Both 
the ancient and modern writers of the Urdu Tazkiras 
were merely content with giving meagre information by 
way of introduction without mentioning full facts. This 
was all that was considered to be necessary in the art of 
Tazkira writing. 

In most cases a Tazkira is arranged in alphabetical 
order, but some of the writers have not even kept this 
order in view. They have jumbled up poets of various 
places and of various periods. 

Of all the memoirs Makhzan-i-Nika^ is the only 
Tazkira which the author has divided into three periods : — 
(1) early, (2) middle, and (3) modern — and has arranged 
the poets accordingly. 

With all their imperfections and shortcomings, the 
memoirs of Urdu poets, mentioned in the list on pp. 275 and 
276 are the only sources from which we can draw our 
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material. There is nothing else on which we can fall back 
for help and guidance regarding the life and characterisr- 
tics of the poets of a certain period. While doing so we 
have to be very careful and cautious in sifting fact from 
fiction, because some of the writers have unduly lavished 
praise on some poets and have underrated others whom 
they did not like, without making any adequate literary 
criticism of their comparative merits and demerits. 

Most of the Tazkiras were written by poets living in 
the north of India, so they were not in close contact with 
the poets who flourished in the Deccan. That is why only 
a very few pioets of the Deccan have been mentioned by 
Mir Hasan, Mir Taqi Mir, Tath ‘Ali Grurdezi, Mir ‘Alt 
Lutf, Azad and ‘Abdu’l Hayy. They do not seem to have 
taken pains to gather fuller accounts of the poets whose 
memoirs they have chronicled. Sayyid Muhammad, in his 
introduction to Gutshan-i-Guftar, page 8, says that “ when 
the two early Tazkira writers, Mir Taqi M5r and Path 
‘All Gurdezi, were engaged in the compilation of their 
respective Tazkiras, they came in contact with one Sayyid 
‘ Abdul- Vali ‘Uzlat who had gone to Delhi for a visit from 
his native place in the Deccan and had with him his note 
book in which he had jotted down a number of stray couplets 
of the Deccani poets whom he appreciated. This common- 
place book was shown to Mir and Gurdezi, who copied out 
the couplets of the Deccan poets, with their names and 
brief accounts of their lives.” It seems probable that they, 
without making further inquiries about the poets, incor- 
porated the couplets and the account in their respective 
memoirs. 

The following poets are generally mentioned in these 
memoirs written in the north of India : — Vali ‘Ajiz, 
Siraj, Da’ud, Azad and Ahmad. Makhzan-i-Nikat by 
Qa’im Candpuri, Camanistdn-i-Shu'ara by ghafiq Aurang- 
abad! and Gulskan-i-Guft^r by Khwaja Khan Hamid 
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Aurangabad! have been discovered and published during 
the course of the last six years. The writers of these 
three memoirs were all Deccanis. It was expected of them 
that they would give better accounts of the Deccani poets 
than those recorded by the memoir writers of the north of 
India, but unfortunately, they too, have not done full 
justice to all the illustrious poets. The Gulshan-i-Gv)ftar 
has chronicled only brief sketches of the lives and given 
poems of thirty poets in all, including seventeen Deccani 
poets. A host of first-rate poets such as Miranji, Janam, 
Aminu’ddin ’A‘la, Wajdi, Bahrl, Nuri and Nishati finds no 
place in thte book. Similarly in Camanistdn-i-Shu‘arai 
and MaMzan-i-Nikdt many of the Deccani poets have not 
been mentioned. 

Two books published a few years ago in Hyderabad 
Deccan, one by Nasiruddin Hashimi called Dakkan me 
Urdu and another Urdu-i-Qadlm by ^amsullah Qadirl 
alone contain some reference to Bahr! and a few of his 
contemporaries : — 

(1) ‘Ajiz was one of the Bahri’s contemporaries. His 
name was Muhammad ‘All. He was. a resident of the 
Deccan but it is not yet known where he lived. So much 
is certain that he lived during the conquest of the Deccan 
by Aurangzib in 1707. He left behind him the following 
works : — 

(«) Qissa-i-FlrozsMh. — In the reign of Manucehr Khan 
ruler of Mashhad 1034 — 1074, Mahbubu’l Qulub, a 
Persian prose hook was written. It contained vari- 
ous kinds of stories and anecdotes. One of the 
stories about Firozshah was rendered into Urdu 
poetry of ‘Ajiz. A manuscript of ‘Ajiz’s Masnavl 
is preserved in the India Office Library and con- 
tains about 400 couplets. It was composed in 1688 
A.D. The date is given in the colophon. 
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(b) Qissai Ldl-o-Gauhar contains the love-stoi^ of Lai, 

son of Zamurrad Shah of Bengal, and Gauhar, 
daughter of Javahir, Shah of Nagina. This story 
is published in Bombay. Garmon de Tassy has 
summarised it in French and has published it as an 
appendix to his history of Urdu literature. 

(c) Qi»sa-i-Matika-i Misr. — This story is also rendered in 

Deccani Urdu poetry by ‘Ajiz. Its opening line 
is : — 

L^') y ) 

There is another ‘Ajiz who was a contemporary of 
Bahri. His name was ‘Arif ‘Ali Khan alias Mirzai. 
Mir Taqi Mir, Shafiq Aiirangabadi, the author of Tuhfat- 
ush-Shu^ard and Hamid Aurangabadi have recorded their 
personal knowledge of him. Mir met him in Delhi and 
heard him reciting his poems. From Delhi ‘Ajiz went to 
Burhanpur. Mir confesses that he does not know any- 
thing more about him.® 

Shafiq Aurangabadi met him in Hyderabad (Deccan) 
and thought much of him as a poet of varied attainments. 
In his Tazkira, the Camanistdn-i-S]m‘ard, page 463, he 
says that “ there is not a single poet in the Deccan who 
could surpass him in poetical gift.” He was an excellent 
chronogram writer.'' 

The author of Tuhfatush-Shu'ard (an unpublished 
MS. in the Asafia Library quoted in the footnote of 
Gvlshan-i-Guftdr) says that ‘Arifuddin Khan ‘Ajiz came 
from Balkh to India in the reign of Aurangzib and was 
appointed an officer in the court of Ghaziu'ddin Khan 
Bahadur. He considered ‘Ajiz a high-class poet who 

8 Urdu-i-Qadim by ghamaullah Qadri, pp. 84, 86. 

Garcon de Taasy, Vol. I, p. 168. 

Nikatu^ Shu'ara. pp. 102-103. 

■' Ca7namst&n-i-Shu‘ara. 

P. 86 
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was capable of writing various kinds of poems and was an 
adept in the composition of chronograms. He composed 
poems both in Persian and Urdu and left a Divan. 

Hamid Aurangabadi’s version is different from the 
first three chroniclers. He says that ‘Ajiz carried on 
trade in Gujrat and received financial assistance from 
its Governor, Fa^ru’d-Daula when his business failed. 

He was a quick-witted poet and most of his couplets 
conveyed a double meaning. He was averse to reciting his 
couplets to his friends and admirers. He also composed 
some undotted Qasidas. He had to his credit a Divan in 
Persian and Urdu which contained some purely Hindi 
rhymes also.® 

Some specimens of his poetry are quoted below : — 

CL yit^ ^y^ 

JW 7^* 


^ yAhi yio^ 

d^y^' Uy^^^ ^ Oyy"^ 

^ vwXiio ^ y^y^ ^ 


^ u*-! ^ viUi 

yft 5^6 £ ij-W’'?- *7®) Uy^ 

J -P 

^ V^LaJLc 8^ La^* ^y,^XJ 

fy») L*f yo ^ ^ >iU^ 8j ^ 

lyyo IX^ y® w| 

L L>*® o** u'-C^ 


8 GulsJw/ri’-UGuftdr, pp. 68—62. 
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li’Lk jS^dS" Jd 

uy® £. uy®’ 

(jL&it iJ^A yjji ^ j; oLx^ (J»t 

^ jLs IXJ 1^ oUc^ 

(2)® (about 1698). His name was ShaiWi 

Muhammad Amin. He rendered the Yusuf Zulaikjia into 
Dakhani Urdu verse in 1697 A.D. just three years before 
Bahri completed his Man-Lagan, 1700 A.D. 1112 A.H. 
Dr. Sprenger states in his catalogue that he saw a copy of 
this MS. in the library of the Kings of Oudh. It contained 
300 pages and its opening line ran as follows ; — 

Jj! 

4» k *) 

He wrote another book called Qissa-i-Ahu Skahma, 
a copy of this MS. is preserved in the India Office library 
from which the following couplets are quoted : — 

«2l 

<£l yy i/jf 

yiM Jjlfi ^ jl » ^ ^ 

Jw«k jl ym ^ 

t£l 

(jUdjO ^ tsbio 

«>* 

^ y®iy^ eS vy*- 

^ WAW «g| yIjA' ^ 


® Sprenger, p. 601; Urdu-i-Qadim, p. 88. 
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(3) Zauql (about 1698). His name was Sayyid Shah 
Husain Zauql and the title conferred on him by his 
spiritual guide was Bahrul ‘Irfan (Sea of Wisdom). He 
had a religious bent of mind, and did not cultivate the art 
of poetry as a vocation. He was dissatisfied with 
the lack of appreciation because no Deccani King patron- 
ised him. He was, however, glad that he had the privi- 
lege of living in the reign of a pious and God-fearing king 
like Aurangzib. 

The following lines are quoted from one of his 
mar§iyas preserved in the Edinburgh University Library. 

|y» 

oy" )y“ 

(.U ^ £ UiO ()X«« 

Oy^ iP' ^ 

(.Lcj b ^ ^ ,«k<ai ‘(AG e» 

* p 

'Oy^ ^ ^ 0“^ (•liG 

(4) A hmad (1700). Mir Hasan and Qa’im speak of 
him in their tazkiras, as A^mad of Gujarat. In another 
memoirs called lydr-U shu‘ard (India Office MS. p. 3131) 
he is described as living in Burhanpur. According to 
this memoir his name was Gh ulam Ahmad ‘Ali. Shafiq 
Aurangabadi considers him a poet of high order who wrote 
on the model of the old poets. Mir Hasan simply contents 
himself with remarking that “ he lived long ago and 
nothing more is known of him.” 


Urdu SMh Pare, Vol. I, p. 306. 
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Mir Taqi does not say a word about him but quotes 
more of his verses than of others. Some of them are as 
follows : — 

^ ydS ^ ^LJo £ 

\J^ ^ 

iXj ^CA« ^ ^ |V» ^j3 i5)>4^ 

«-SjJ id fc® 3 U< i 5*^ <1.74^ 

^ *b i. <a»y yso £J^l> ^ >i>*j6 yS 

(5) FaZi of Velur (1707). Shamsu’llah Qadiri* calls 
him “Vail Dakhani.” His name was Sayyid Muhammad 
Fayyaz. Mulla Muhammad Baqir Agah writes in the 
introduction of Mirdtul Jinan that he was a resident of 
Velur and flourished during the reign of Aurangzib. He 
was a courtier of Navvab Hirasat Khan of Satgafh in the 
Deccan. After some time he travelled to Kadapa (now in 
the Madras Presidency) where he was introduced to Navvab 
‘Abdul Majid Khan, Subedar of that district, who appre- 
ciated his poetic gifts and appointed him an officer at 
Sidhot the fortress which is particularly mentioned by 
Ibn-Nishati in the epilogue of his Phul Ban. 

Vali seems to have been a prolific writer, for two of 
his three known works are extraordinarily bulky. 

(a) Ratan Padam. This masnavl is not extant. Spren- 
ger mentions it in his catalogue as having been preserved 


• Urdu-e-Qadim, p. 89. 
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in the library of the kings of Oudh. It dealt with the 
love story of Queen Padmavat and Batan Sen, the raja of 
Citaur. The masnam contained about 4000 couplets and 
had 400 folios.. 

Shamsu’llah Qadiri has quoted the following verses 
from the preface of Padmavat in the Urdu-e-Qadim, 
p. 89, and does not mention where he came across this book. 

JU*| j LjSl 

Jlfk uifcSLi^ 

ouwl^ ^ '^yic Ij' Y" 

tiLl Jud^l (X^ 

\1Aj| (jlj [L^l 

^ a^XJ j| ym 

'f 

«•?) / 

(b) “ Rauzatush-Shuhadd. His second work has been 
published several times and there is a good MS. of it in 
the India Office Library. The date of the book is given as 
1720 A.D. in the India Office copy, whereas*the published 
copy bears the date 1707 A.D. Vali’s Bauzatush-Shuhada 
is based on Mulla Husayn Va'iz Kashifi’s Persian book 
having the same title. It was also called Dah Majlis as it 
is recorded in its MS. in the Bodleian Library (see 
catalogue, p. 78b). 


The Bombay edition, 1291 A.H. 
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Shamsullah Qadirl states in the Urdu-i-Qadlm, page 
91, that Vail wrote a book of Mundjat also. It contains 
25 hands and each hand consists of four distichs. The 
following lines are quoted by him : — 

^ I 

(jy«( ol» JujAU |y» tXH*) 

{Jy<*M oU ^yS^ (jkMAjO {Jy^ ^ 

bj^l b 

<£ 

jjX" ^ JL^ stXAi ^ 

I I I 

(j^ y ,^1 

sUw jjJ 8 va»*i ^ ic^lsLi 

)tX*« eS (jOt* 1^7^ uy 

12,18,14 ^ JL& «4^>«J0 (J-^T? v^A^Lo L 

(6) Ashraf (about 1716). Sayyid Ashraf*® is one of the 
good poets of this period. From his intense devotion to 
the Khalifa and his successors and his numerous elegies 
composed in their honour it may safely be inferred that 
he was a devout Shi ‘a. Some of his poetical compositions 
are preserved in the British Museum MS. Add. 1590 and 
the Edinburgh University Library. His works do not 
throw any light on his life. Sprenger mentions in his 
catalogue that he was a contemporary of Vali and nothing 

Introduction to Mirdtul- Jinan, p. 3. 

13 Rauzatiish Shuhadd, Bombay edition, 1391 A.H. 

>4 Urdu-i-Qadlm, p. 91. 

15 Urdu Shdhpdre, p. 147. 
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else. Shafiq Aurangabadi** also corroborates this meagre 
quoting the following verse” : — 

(Jyw ^ ^ J J** ^ va*Atl 

v«A*w (j^ ^ tXAi Oyif^ ^ 7^ 

Oyj^ Oyit^ * ^7*^ *sX«iJ ^ ^JM^| 

Mir Taqi Mir does not say a word about him beyond 
quoting the following verse : — 

yS>ymy» ^ ‘sS '•.■>'-4^ {J^ ICH ^ 

^La jjo yw y# i^yD ^a ‘«® bil '-^7 ^ U7*^ 7*^ v' <^>74*4^ 

Hamid Aurangabaxii*® says that his name was Muham- 
mad Ashraf and his nom de 'i^ume was Ashraf. He was 
a resident of Gujrat. He was a disciple of Vali Muham- 
mad and was gifted with poetic genius; his style was 
florid. His poems are well known in the neighbourhood of 
Gujrat and he has left an excellent Divan to hia credit. 
The following couplets are quoted by Hamid ; — 

l»w> S ^ v_ai^ SXmj I7® 

f>^ ^ U7* U7® O U 7 » * 7 ^® 

lAi ^ yj C. <S 

1*^ «2 

«• 

|V »3 ^ ^ \Jy& U7® It*® 

1® Camardstdn-i-Shu^aTd, p. 35. 

1*5' Nikdtush Shu^ard, p. 108. 

18 GulsJunui-Guftdr, pp. 12-13, 
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(7) Vail Aurangdbddl (1668 — 1744 A.D.). In the 
whole range of Dakhani poets there is none so well known 
as Vali of Aurangabad Deccan. All the memoir writers 
of Urdu poets, whether hailing from the Deccan or the 
north of India, have noticed him in their Tazkiras and 
yet none of them has succeeded in gathering adequate and 
authentic information regarding his life, religion and 
travels. His name is still shrouded in mystery. There 
are no two memoir writers who are agreed about his 
correct name. One calls him Shamsu’ddin. another Shamsul 
Haqq, a third mentions him as Valiu’ddin and a fourth 
thinks his name was HajI Vali. 

All of them agree about his now, de flume which they 
call Vail. Maulvi Ahsan Marahravi, the latest editor of 
his complete poetical works, has not fully succeeded in his 
endeavours to settle controversial points respecting his life, 
religion and travels. 

He is, however, of opinion that Vali was born in 
1668 A.D. in Aurangabad Deccan and died in 1744 A.D. 
in Ahmadabad, where his tomb is still preserved. 

The author of Urdu-i-Qadlm is of opinion that Vali 
travelled in the north of India only in the time of 
Aurangzib and not in the reign of Muhammad Shah. It 
was in the course of this itinerary that he paid a visit to 
Delhi where he stayed for some time and made the acquain- 
tance of the contemporary poets. This is one of the 
reasons why, of all the poets, Vali’s poems are so well 
known in the North of India and noticed by all the Tazkira 
writers of that country. His visit to Delhi gave an 
impetus to the cultivation of Urdu poetry in the north of 
India where most of the poets till then composed their 
poems in Persian. It was their contact with Vali, that 
made the poets of northern India realize for the first time 
the immense possibilities of the Urdu language as a 
vehicle of poetical composition, 

F. 37 
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From a closer study of Vali’s KvlUyat,'^ one can 
gather internal evidence to the effect that he was a con- 
stant traveller and that he visited a number of places in 
Gujrat, such as Surat and Ahmadabad. The fact that 
he wrote a Masnavi in praise of Surat and described its 
social and economic condition, shows that he had an 
intimate knowledge of the place which he could not have 
acquired without having resided there. 

A proof of his having lived in Gujrat is that he 
spent some portion of his student life in Ahmadabad where 
he became a spiritual disciple of Shah Nuru’ddin, who 
had his fixed abode there. 

That he was Dakhani and not a Gujratl by descent is 
proved conclusively by the following couplets in his 
Divan : — 

15 / (^5 

)yif^ J uf/l (5^5 

£ C> 

There is some difference of opinion about Vali’s 
religious creed, as he wrote verses both in praise of the 
four Khalifas and of ‘Ali and his descendants. His 
devotion to the former reveals that he was a follower of 
the Sunni creed, whereas his encomium of ‘Ali and the 12 
Imams points to his leanings towards the Shi ‘a sect. This 
controversy can be set at rest, by the simple consideration 
that if he were really a Shi ‘a, he could never have gone to 
Shah Nuruddin, a well-known Sufi teacher of the Sunni 
sect, and begged of him to accept him as his spiritual dis- 
ciple. It is an indisputable fact that no Shi ‘a is ever 


t® See Kulliyat-i-Vali (Aurangabad edition), p. 379. 
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known to have joined the fold of a Sunni Pir and vice 
versa. 

Vali was really a staunch Sunni and a devout follower 
of the Suhravardi school of spiritual discipline. 

He wrote verses in honour of ‘Ali and his successors 
because ‘Ali is claimed by the Muslim mystics to be the 
originator and pioneer of the Sufi sect in Islam. It is 
therefore the bounden religious duty of every Sufi poet 
to pay his tribute of praise in honour of ‘Ali and his des- 
cendants. This explains why in Vali’s Divan, couplets 
embodying the eulogy of ‘Ali and his family are found. 
Ahsan Marahravi has a high opinion of Vali’s learning. 
He thinks that Vali was well-versed in Arabic and Persian 
prosody and adopted that system for his Urdu verses. 
This estimate of Ahsan’s is fully borne out by Vali’s 
couplets in his Kxdliydt. 

Vali was an accomplished poet. He wrote every kind 
of poetry. We come across in his Kulliydt 422 odes, 
7 mustazad, 12 mukhammas. 2 Tarji'bands, 6 Qasidas, 
2 masnavis, 26 quatrains, 6 qit‘as and 40 miscellaneous 
couplets. 

Some specimens of Vali’s poetry are given below : — 




Jo 





US' \,j^ 





O/ , 


US' 







>1^ lyO 



(«)l) 










ur 




JtVi ur" 
c cr * 
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^ y> sOs)<) 

)yi 


Ujbl Uy** 


^ M 


y.y^ ^LJ 


uHV 

h) 7 - 

JL::> ^S\ 




P 

0^0^ *7^ 


^ ^ 



liXi ^ys K” |JU j3 yAa ^1 

y w**" )s*t3 |^y> ^liii ^ * 

yT y ybi t/Xo y^U S4^ 

lOkifc ^yhiJO J yJ&Lj y» yfc»A« ^1 


(8) Vajdl.^ His name was Shaikh Vajihu'ddin. He 
was a resident of Kurnul and was a follower of the Sufi 
creed. He was an author of several Masnavis in Dakhani 
Urdu. 

(a) Masnavi Ba^h-i Jdn-Fizd . — It is a bulky volume 
and was composed in 1145 A.H. 1732 A.D. The date of 
its composition is ascertained from the chronogram of two 
words Bdgh-i Jdn-Flzd.^'^ 

In his introduction to this Masnavi Vajdi relates the 
following anecdote which led to its. composition : — Once 
Vajdi paid a visit to Dharvar where he wag staying with 
one of his friends, Abdul Quddus, who was a spiritually- 
minded man and whose spiritual guide, Shah Sadiq was 
staying with him in those days. During the course of his 
conversation, Shah Sadiq related an interesting story to 


UrdH-i QadUm,, pp. 92 — 94. 
*1 Dakkan Men Urdu, pp. 7-8. 
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them and asked Vajdl to translate it into Dakhanx verse. 
Originally this story was written in Persian. 

(6) Panel Baca (or Ndma ).^ — It is a metrical transla- 
tion of Shaikh Fariduddin ‘Attar’s Masnavi Mantiq- 
u’t-Tayr. The concluding lines are as follows : — 



1*^ 



juu ^ 

^A<U> 



;!<> (.Li 


V,AAA.<^ 

A?; 

✓ ' 





Jjk.A^Lo 

/ 

^Lioc v^aaJ ^ 

tXia. 



Jjj d‘5 ^ 

Ut >0 o Jo 

X 4^1 y^ 

j»hj yotfc olJi^ Qn| 

U/' UW) 

Oy^ 'y** at* sS;*^ 

(c) Masnavi Tuhfa-i ‘ I shiqdn— It is also a translation 
of Shaikh Fariduddin ‘Atpr’s Persian Mxisnavi Gul-o- 
H urniuz which is also called Khusraw Nama, 


22 A copy in my possession. Published in 1326 A.H. 
(1908 A.D.) by Karimi Press, Bombay. 
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The following two lines are from this Masnavl quoted 
by ghamsullah Qadiri 


p ^ ^ ^ 

u>y^ ly® 

(jUa.yj tjy^ (JJ.W (jb^ 


Shamsullah Qadiri says in the Urdu-i Qadlm, page 
93, that this Masnavl was completed in 1153 A.H. 1740 
A.D. The date of its composition is put in a chronogram 
thus : — 

fi 

ijLiUU 

\ I or 


The first few lines of this Masnavl are quoted below : — 


^ L-XJ 43^ 

(JMrI U^I 43^ 

jjUm ^ L-J # 

^jSf / ur « 


\jy^ ;jLj^ ^ J4> Ujr^ 


^ ltI 

(J U*^ I 


^ oyU. 



(9) Faqlrullafi Azad . — Mir Hasan in his Tazkira, 
says Azad hailed from Hyderabad (Deccan). He became 
an orphan in his early childhood. He was loved and be- 
friended by his neighbours. When he attained his major- 
ity he fell in love wtih a handsome girl, spent his days in 
sighs and lamentation, and did not stop in one place. He 
visited Shahjahanabad with Firaqi Dakhani. He was 


23 Dakkan Men Urdu, p. 8. 
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jndowed with pathos and composed eloquent verses. May 
Grod bless him.®^ 

The following couplet is written by him : — 

, •» . .. 

U1 xj yiJO UmJI ‘UiJLlt ^ 

Qa’im Chandpurl in Makhzan-i-Nikat on page 7 has 
repeated the above-mentioned information regarding Azad. 

Shamsullah Qadiri has also corroborated it in his 
Vrdu-i Qadlm and says that Azad was a contemporary of 
Vali Dakhani. So does Shafiq Aurangabad!, p. 31. 

(10) Da’ud. — His name was Mirza Da’ud Beg and his 
poetic name Da’ud. He was a Mughal by descent and a 
resident of Aurangabad (Deccan). Although he was not 
well versed in grammar and prosody, his poetry is free 
from errors. He was endowed with a fertile imagination 
and had a cheerful disposition. He always wrote on a 
new and untrodden theme. He was one of the contem- 
poraries. of Shah Siraj and had adopted the profession of 
embroidery in his youth. 

He won name and fame as a poet of high order. Once 
he composed a couplet addressed to Shah Siraj which is 
as follows ; — 

Vr?- 

^ ym S ^ 

In reply to this couplet Siraj wrote the following 
verses : — 

yS' f^iXS 

h 

2 ^* T azkira-uShu^ara-i Urduy p. 40 . 

Gnlshan-i GuftaVy pp. 57 - 58 . 
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Shamsullah Qadiri**® says that Da’ud was one of the 
contemporaries of ValT DakhanI and died in 1168 A.H. 
1754 A.D. Lakshmi Narayan Shaflq*” records his inter- 
view with Da’ud’s son, Mirza Jaroalullah ‘Ishq and on his 
authority he chronicled the date of Da’ud’s death which 
can be deduced from the following distich : — 

/ f 

Qadiri says that he has seen one Divan of Da’ud from 
which he has quoted the following verses : — 

Lfi^ Jik® 

^ ^ ^ ^ oiuA^ 

Shafiq Aurangabad! says that he had come across a 
Divan of Da’ud containing 500 couplets from which he 
has gleaned the following few lines : — 

^ iobkAj ^ ^ 

^■) 4~ 

J 

<» ;jJai 

^ l5«> ^ ^ 

L at Lry* ^ 


26 Urdu~i Qadvmy p. 100 . 

27 Cmnanistd7i~i Shu^ard, p. 88, 
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'SLa- y# y" (j**^ ^ JL^ £ Xj|0 

/ / flo / 

^ ^ • 

grf ^ 

C^ J5" eg ^ IS ^ e® \jy*** ^ 4' 7^ 


«S ^ ^<^5 i. U^^jl (*^ 

y* o<>b£ Jmela. ^ jj**a 4» 

(11) iSira; (1127 A.H. 1715 A.D.). — His name was 
Sayyid Siraju’ddin. He was a resident of Aurangabad 
(Deccan) where he was revered as a saint and a learned 
man. Mir Hasan and Mir TaqI write in their memoirs 
that he was a disciple of Sayyid Hamza Dakhani but the 
Tazkira writers of the Deccan such as Shafiq and Hamid 
Aurangabad! do not agree with them. 

Siraj has left two Persian and Urdu Divans which 
contain every type of poetry, viz., sonnets, odes, quatrains, 
mustazads, mukhammas and vasokht. 

He also wrote a Mamam called Bustdn-i Khaydl 
which was completed in 1173 A.H. 1759 A.D. 

Besides, he compiled a selection of his Divan in 1151 
A.H. 1738 A.D. 

When he completed this anthology, he was 24 years of 
age. From these data it may be inferred that he was 
probably born in 1127 A.H. 1715 A.D. The date of his 
death as recorded by Shamsullah Q^iri is 1177 A.H. 
1753 A.D. In one of his ghazals, Siraj has noted down 
the date of the selection of his Divan and his own age at 
F. 38 
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the time. The three relevant couplets are quoted below 

f 

^ ^7^ <57^ U**'*^>^ 

^ 54X»a£j ^ ^lyD ^ 

£ .^Lo ^jJ |J^ v-ftSI^ 

^ ^ y<»aX^* J-I 

«>L>fl JaU (j>^ (j^ (J^>’^ 

Mir Hasan, Mir TaqI Mir“ and Qa'im Candpur! do 
not furnish more information than this, that Siraj was a 
native of Aurangabad and that he lived in the reign of 
Aurangzeb. 

Shafiq Aurangabadi, has, however, devoted a page 
and a half to eulogising his saintliness and poetic gifts 
but throws very little light on his life and doings beyond 
what has just beeq written. 

Shafiq is of opinion that Siraj was a poet of high 
attainments and was considered second to none of his time 
but Vali. Shafiq had read his Mamavl Bustan-i Khayal 
which he says contained 1,160 couplets. He has quoted a 
large number of Siraj ’s poems in his Tazkira from which 
the following, as specimens, are given below : — 

y» o|y ^ ^ Jo 

jjD b y» 1*^ 

28 IJrdu-i Qadlm, p. 101. (2) Nikatv-ih §hu‘ard, p. 101. 

28 Tazkira-i Shu‘ard-i Urdu, p. 109. 

* Makhzan-i Nikat, p. 9, 
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20 loLjX^ ^ 

^ ^ 

^ (*; I*® r; ^ '-’5^? ^ 

^ ^ >ii.&l » jLtff 

i syD^ bL^ y® wi 

li'yjj ‘ti'^y' (jy> (j^ ^ 

l^uJ ‘ uy® ^ id St>-*^ 

I yo iJL^ 1^ o I yiw U ^ 

lyJO bt> 1^ 

X «* 

^^Xamiam 

u**^ \j^ £ 


31 Cammistcin-i Shu*ard^ pp. 4(K) — 406, 
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CHEMICAL EXAMINATION OF THE ROOTS 
OF CITRULLUS COLOCYNTHIS SCHRADER 

BT 

RADHA RAMAN AGAHWAL AND SIKHIBHUSHAN DUTT 
Ghtmiatry Department, Allahabad University. 

INTRODUCTION 

Ciirullus Colocynthis, called Indrayan in Hindustani, 
Hamal in Persian and Indravaruni in Sanskrit, is a plant 
used in medicine for a very long time. It is a plant of the 
natural order curcurbitacese. As regards its medicinal 
properties the roots arc described by the Sanskrit writers 
as a useful cathartic in jaundice, ascites, enlargement of 
the abdominal viscarai urinary diseases and rheumatism- 
(Dymock, Pharmacographica /wdtca, 1899, ii 59.) Moham- 
medan writers consider the plant to be a very drastic 
purgative removing phlegm from all parts of the body and 
direct the fruits, leaves and roots to be used. A paste of 
the roots is applied to the enlarged abdomen of children* 

The fruit of this plant has been chemically examined by 
Power and Moore {Jour- Chem- Soc., 1910, 47, 99), but 
nothing is known regarding the chemical constituents of the 
roots. Since the roots are used immensely in medicine, in 
India and elsewhere, it was deemed proper to put it to a 
thorough chemical examination. 

EXPERIMENTAL 

A preliminary examination was made with 200 grams 
of the powdered drug for the presence of alkaloids, when 
positive reactions were obtained. But all attempts to isolate 
this in a form of chemical purity failed. 
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For a complete analysis 2 kilograms of the powdered 
roots were exhaustively extracted with boiling alcohol in a 
big extraction flask. The concentrated extract on standing 
deposited a white 'crystalline stuff, which on recrystallisation 
from alcohol melted at 230°C. The mother liquor was then 
evaporated to dryness and extracted with petroleum ether. 
This petroleum ether extract on concentration gave a small 
amount of a white sediment, which on purification melted 
at 68 °C. From its properties and reactions, it was identified 
as hentriacontane Os 1 H 64 , 

The resinous mass left after the treatment with petroleum 
ether, was then extracted with ethyl acetate The ethyl 
acetate extract on evaporation of the solvent under reduced 
pressure yielded a white deposit which was filtered and 
washed. On recrystallisation from ethyl alcohol it melted 
at 230^0. From its properties, reactions and elementary 
analysis it was identified as a - elaterin. This was the same 
stuff as that obtained from the alcoholic extract in the 
beginning. A mixed melting point remained undepressed. 
The percentage was 0'2% of the dried weight of the roots 
(Found 0 = 69*0 ; H = 7’5; Cgs Hsg O 7 requires 0 = 69*1, 
H“7*8^) the di-acetyl ^ a - elaterin O 32 H 42 O 7 was 
prepared in the usual way and crystallised from acetic acid; 
when it melted at 123 124^0. Previous workers could 
not obtain this in a crystalline form (cf. F. Von. Hemmel- 
mayer, Monatsh, 1906, 27, 1167 ); but we could get the 
crystalline acetyl derivative by the slow evaporation of the 
dilute acetic acid solution. 

The brown stuff of the dried alcoholic extract left after 
the removal of the a — elaterin by ethyl acetate, as described 
above was then dissolved in boiling water with constant 
stirring, and treated with basic lead acetate, when an yellow 
precipitate was obtained. It was filtered, washed, suspended 
in water and decomposed by sulphuretted hydrogen. The 
resultant filterate after the decomposition of the lead salt , 
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on concentration in mccuo gave all the reactions of saponins. 
It gave on shaking with water a large araount of frothing. 
A red colouration was developed in cold, on treatment with 
concentrated sulphuric acid. Concentrated sulphuric acid 
containing a little ferric chloride gave a blue colouration. 
All these reactions clearly showed the presence of saponins, 
but all attempts to isolate it in a purer form could not meet 
with success. 

The filterate obtained after the separation of the lead 
salt, on removal of excess of lead reduced Fehling’s solution 
easily, and hence contained a large amount of reducing 
sugars. 

SUMMARY 

1. Prom the roots of Gitrullus Colocynthis Sohrader, a hydro 
carbon hentriaoontane O31 H64, a-elaterin O28 Hgg O7 and 
amorphous saponin have been isolated. 

2 . The crystallised di-aoetyl derivative of a-elaterin has been 
prepared. 

3 . The physiological properties of the drug appear mostly 
due to the presence of a-elaterin. 

In conclusion one of the authors (R.R.A.) wishes to express 
his deep sense of gratitude to the ‘ Kanta Prasad Research Trust ^ 
of the Allahabad University for a research scholarship. 




CHEMICAL EXAMINATION OP THE BARK OF 
TERMINALIA ARJUNA BEDD. PART I— 
THE ISOLATION OF ARJUNIN 

BY 

RADHA RAMAN AGARWAL AND SIKHIBHUSHAN DUTT 
Chemistry Department^ Allahabad University, 

Terminalia Arjuna (N. 0. Combretaceee) called Arjun 
in Hindi and Bengali and Kukulhha in Sanskrit is a plant 
used in Indian medicine for a very long time. It is a large 
deciduous tree attaining 60-80 feet in height. The bark is 
i inch thick, smooth, pinkish grey, the old layers peeling oflf 
in thin flakes. It is common in the sub-Himalayan tracts of 
the United Provinces and Deccan.^ 

The bark and its preparation are reputed to have a dis- 
tinct stimulating action on the heart from times immemoriah 
Sanskrit writers consider it to be tonic, astringent and use it 
in heart diseases, contusions, fractures, ulcers, etc. A decoc- 
tion of the bark is used as a wash in ulcers and chancers.* 
Some of the Western medical practitioners believe in its 
efficacy and use it as a cardiac tonic. In 1909 Ghoshal^ 
studied the physiological and therapeutic action of the drug. 
According to him the drug acts as a cardiac stimulant and 
tonic, increasing the force of the beats of the heart, slowing 
their action, but never completely stopping it. It acts as 
a powerful haemostatic, only drawback, according to him, is 
the rise in the blood pressure. He also recommended it as a 
di-uretic. He advocated its use as a valuable remedy in 
heart diseases. Chopra and Ghosh* in 1929 mentioned that 
the drug produces no stimulating effect on the heart such as 
that produced by the digitalis or caffeine groups of sub- 
stances, nor it has any marked di-uretic properties ; but very 

5 
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recently in 1930, Cains, Mhaskar and Issac,® who made an 
elaboral# and detailed study of all tlie varieties of Termi- 
nalice met with in India reported that they had di-uretic 
properties and some had both di-uretic and cardiac stimulat- 
ing effect. 

Regarding the chemical composition of the drug there 
appears to be much confusion. Hooper® in 1891 reported 
that the bark contains 34 p.c. of ash consisting almost of pure 
calcium carbonate. Ghoshal® found it to contain the following 
substances: sugars, tannins colouring matters, a body of the 
nature of glucoside and carbonates of sodium and calcium. 
Chopra and Grhosh could not find any alkaloid or glucoside, 
but reported the presence of an organic acid of high melting 
point, a phytesterol, an organic ester and some colouring 
matter. Ram and Gruha^ confirmed the presence of two 
organic acids and a phytesterol. Caius and co-workers also 
could not detect the presence of any alkaloid or glucoside. 
These workers reported the constituents of the ash from 
fifteen varieties of TerminalicB studied by them. Chopra 
and Ghosh {loc. cit) or Ram and Guba did not give any 
melting point or other data in support of their arguments 
regarding the chemical nature of the constituents claimed to 
have been isolated by them from this important drug. 

In view of the fact that so much confusion exists re- 
garding the chemical composition of this plant, the present 
authors were tempted to put it to a thorough investigation 
and to isolate the active principle responsible for its thera- 
peutic value as a powerful tonic and di-uretic. Since Chopra 
and Ghosh {loc. cit.) had already tried the petroleum ether, 
alcohol and aqueous extracts of the plant we deemed it pro- 
per to extract it wdth some other solvents. The present 
investigation has revealed the presence of a colourless 
crystalline principle, for which the name 'arjunin’ 
is suggested {0'2%) from the benzene extract of the 
plant. 
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Arjunin is acidic in nature since it dil^lves ^th effer- 
vescence in dilute sodium bi-carbonate ^]^on, an® gives a 
faint red colour with litmus. On continuous boiling ^th so- 
dium bi-carbonate an insoluble sodium salt is thrown down. 
It also forms a deep green colour with ferric chloride, forms 
di-acetyl and di-benzoyl derivatives an hence contains two 
phenolic hydroxy groups. A penta-nitro-derivative has also 
been prepared. 

Probably Arjunin is the aglucone of a glucoside present 
in the plant claimed to have been isolated by Ghoshal from the 
benzene extract, and which hydrolyses in the process of 
isolation. 


EXPERIMENTAL 

An authentic sample of the bark was collected from the 
neighbourhood of Allahabad in the months of January and 
February. It was dried in the sun for about a week whereby 
it lost about 40^ of moisture. The dried bark was then 
finely crushed in an iron mortar, whereby a greyish, brown 
powder was obtained. On complete ignition of the bark in a 
porcelain dish, there was left about 28*9%^ of a dirty white 
ash. The following elements or radicals were detected in 
the ash : — 

Potassium, sodium (traces), aluminium, calcium, magne- 
sium (traces), silica, carbonates, phosphates, chlorides 
and sulphates. 

In order to get an idea about the solouble portions of 
the drug 20 grams of the powdered stuff was successively 
extracted in a Soxhlet’s extraction apparatus using different 
solvents when the following amounts of extract dried at 100 
were obtained. 

Benzene Extract: — 4’10^. An yellowish green extract 
containing some solid stuff suspended in it. It gave a green 
colouration with ferric chloride; reduced Fehling's solution 
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readily, and gave a lead salt with lead acetate. No reactions 
for alkaloids were obtained. 

Chloroform Extract: — 1*00^. — A pale yellow coloured 
extract was obtained, containing nothing of much interest. 
No reactions for alkaloids were obtained. 

Ethyl Acetate Extract : — 3*2%^. A light brown coloured 
extract was obtained containing a dirty white stuff crystallis- 
ing from it. The extract gave a lead salt with lead acetate, 
and a light green colour with ferric chloride. The crystalline 
stuff on recrystallisation melted at 174°C. 

Aqueous Extract: — 13*21^. A dark red coloured 
extract consisting mostly of tannins, sugars and colouring 
matters. 

For a complete analysis 6 kilograms of the powdered 
bark was exhaustively extracted with benzene in a big ex- 
traction flask of 5 litre capacity. The extract which was of 
a pale greenish yellow colour was collected together and the 
solvent removed by distillation. On cooling the concentrated 
extract a brownish white sediment (15 gms*) separated which 
was filtered and washed till a dirty white stuff was obtained. 
This was dried in a steam oven and powdered. It melted 
at 180-182^0. It was next refluxed thoroughly with a large 
volume of petroleum ether, in order to free it from any oily 
or waxy material. The petroleum ether extract on concen- 
tration deposited a dirty white substance in waxy flakes 
melting at 60-62°C. which was identified to be a wax. The 
quantity obtained however was very small (0’8 g.) to permit 
any purification or detailed investigation. 

The wax-free arjunin was then dried thoroughly in 
a vacuum dessicator over fused calcium chloride, and recrys- 
tallised from a large volume of benzene when microscopic 
needles were obtained melting sharp at 192®C. (decomp.). It 
could also be crystallised from glacial acetic acid. The 
recrystallised product (12‘4 gms.) was th^n dried in a steam 
oven. 
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Properties of Arjunin : — Arjunin is a colourless crystal- 
line substance having no taste or odour. It is slightly solu- 
ble in hot water. In ethyl alcohol, methyl alcohol, pyridine 
and glacial acetic acid it is readily soluble and less so in 
acetone, benzene, chloroform and amyl alcohol. In ethyl 
acetate, petroleum ether, ether and carbontetrachloride it is 
insoluble. With concentrated sulphuric acid a light yellow 
colouration is obtained which changes to blood-red on warm- 
ing and deep violet on standing. With concentrated nitric 
acid a light red colouration is obtained which on warming 
evolves fumes of nitric oxide. With chloroform, acetic an- 
hydride and sulphuric acid it gives a blood-red colouration. 
A violet colour is developed with Kellar-Kiliani reaction. It 
gives a green colour with alcoholic ferric chloride. With 
alcoholic lead acetate no precipitate is formed, but with basic 
lead acetate a heavy light yellow flocculant precipitate of the 
lead salt is thrown down. With silver nitrate it gives a 
white precipitate. It dissolves in alkalies and is probably 
decomposed on being boiled with it. In a dilute solution of 
sodium bi-carbonate it dissolves with much effervescence and 
on being boiled deposits the sodium salt as a white gelatinous 
mass. 

(Found : C 59*80, 59*65; H 6*51, 6*30 M.W. (ebbullious- 
copic in alcohol) 499, 524, 508 ; (lead salt) 522 ; 02 603 201 1 
requires C 60*0; H 6*2 M.W. 520.) 

A sample of arjunin has been sent to the Pharmacolo- 
gical Department of the King George’s Medical College, 
Lucknow, where a detailed study of its physiological proper- 
ties will be undertaken. 

The Lead Salt : — (1 g.) Arjunin was dissolved in 
50^ ethyl alcohol and an aqueous solution of basic 
lead acetate added drop by drop till in excess. The 
flocculant pale yellow precipitate of the lead salt was 
formed which was filtered on a pump and washed 
till free of lead and dried. It was a pale yellow 
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amorphous brittle mass. (Found: Pb 44*1^ CaeH280iiPb2 
requires Pb 44‘5^.) 

The Silver Salt: — (0*5 g.) Arjunin was dissolved in 
dilute alcohol and a concentrated aqueous solution of silver 
nitrate added gradually till the precipitate was no longer 
formed. The flocculant white silver salt formed was filtered, 
washed free of silver and dried. It was dirty greyish white 
in appearance. (Found : Ag. 46*1^ C 26 H 28 O 1 1 requires 
Ag. 45-5^). 

The Sodium Salt : — Arjunin (0*5 g.) was dissolved in an 
aqueous solution of sodium bi-carbonate. G^reat amount of 
effervescence took place and the stuff went into solution. On 
further warming it in a water-bath, the sodium salt was 
thrown down as a brown gelatinous mass. It could not, 
however, be obtained in a state of sufficient purity for 
analysis. 

Di-acetyl arjunin : — 1 g. arjunin, 50 cc. of acetic an- 
hydride and a little fused sodium acetate were refluxed over a 
sand bath for about four hours. The melt on cooling was 
added into a large volume of water, when the acetyl deriva- 
tive separated as an amorphous mass. It was filtered, washed 
thoroughly and dried in vacuum over fused calcium chloride. 
On crystallisation from alcohol, small flakes were obtained 
melting at 103°C. (Found: 0 59*15; H 6*00 CsoHagOi 3 
C 59*61; H 5*96^.) 

Di-benzoyl arjunin (1 g.) was dissolved in 

(50 cc.) pyridine and benzoyl chloride (lOcc. 0) added 
gradually with constant shaking. When the whole of ben- 
zoyl chloride had been added the mixture was rapidly 
shaken for about two hours. It was then poured in water 
whereby an oil separated at the top. This oil on keeping 
under water for a long time solidified to a hard vitreous mass. 
On crystallisation from ethyl alcohol well defined small 
needles were obtained melting at 207° C. (Found : 0 65*5 
H5*65 C 40 H 40 O 18 requires C 65*8 H 5*49^.) 
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Penta-nitro arjunin Arjunin ( 0 * 8 ) was dissolved in 
warm concentrated nitric acid (Sp» gr. 1*08) with gradual 
stirring. When the solution was complete it was refluxed 
over a sand bath for half an hour. Copious fumes of nitric 
oxide were evolved and a gelatinous sticky mass separated. 
On cooling the mixture and repeatedly washing it with 
hot distilled water the nitro derivative was obtained as an 
orange coloured brittle mass. It was then crystallised from 
glacial acetic acid, whereby pale yellow plates were obtained 
melting sharp at 118° C. (Found: N 9*62 C 26 H 27 O 21 N 5 
requires N 9*4^.) 

Further work on this plant is in progress. 
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SUMMARY 

Prom the benzene extract of the bark of Terminalia arjuna 
Bedd, an aoidio principle has been isolated called ‘ arjunin ’ m.p. 
192’C CjeHajOji; the lead, silver and sodium salts, the di-aoetyl, 
di-benzoyl and penta-nitro derivatives have been prepared. 
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CHEMICAL EXAMINATION OF CUSCUTA 
REFLEXA—ROXB. 

PART I— THE CONSTITUENTS 

BY 

RADHA RAMAN AGARWAL AND SIKHIBHUSHAN DUTT 
Chemistry Department, Allahabad University 
INTRODUCTORY 

Cuscuta reflexa Roxb known as Amarvel or Akashbel 
in Hindustani and Simrnalata in Bengali is common golden 
yellow dodder-like parasite belonging to the natural order 
Convolvulacese. It is common throughout India growing on 
thorny or other shrubs. 

As regards its medicinal properties Mohammedan writers 
consider it to be alterative and depurative, a purge for bile 
and black bile useful in effections of the brain such as fits, 
melancholy, insanity, etc. (Dymock : Pharmacographica 
Indica, 1890, 11, 548). It is also supposed to be purgative 
and used externally against itch ; and internally in protracted 
fevers, retention of wind, and induration of the liver. (Kirti- 
kar and Basu: Ind, Med, Plants^ 1918, 11, 888). 

Very little is known regarding the chemical composition 
of Cuscuta reflexa, though Barbey in 1895 [Jour. Pharm., 
1895, (6) 2, 107 — 112] working on another variety C, epithy- 
mum, isolated from it an yellow amorphous colouring matter 
by precipitation from the alkaline extract with dilute sulphu- 
ric acid and subsequent extraction with ether. He termed 
his colouring principle cuscutin but gave no analytical data. 
He also isolated along with tannins and resinous substances 
a small amount of a crystalline substance having a faint 
odour of coumarin. 

On account of the medicinal properties associated with 
Cuscuta reflexa in India and the uncertainty regarding its 
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chemical composition the present authors were tempted to 
put it to a more systematic chemical analysis. As a result 
of our investigations we have been able to isolate cuscutin 
the colouring matter of Barbey {loc, cit) in a crystalline form 
(0*2%) along with a white crystalline substance having the 
properties of lactone, called by us cuscutalin (V0%) a small 
amount of brown wax (0*1 %) and large quantities of reduc- 
ing sugars. 

For the isolation of cuscutin we tried at first the method 
adopted by Barbey (loo. ciU), but the colouring matter obtain- 
ed was non-fusible and could not be made to crystallise. We, 
therefore, worked with sun-dried material and could get the 
colouring matter in a crystalline form, from the aqueous solu- 
tion of the alcoholic extract after the removal of cuscutalin 
as will be clear from the experimental portion of this 
paper* 

Cuscutin is feebly acidic in properties since it dissolves 
in sodium-bi-carbonate solution with slight effervescence and 
can be precipitated unchanged by acids. It forms a di-acetyl, 
a di-carbethoxy and a di-methoxy derivatives and gives a 
very delicate violet green colour with ferric chloride ; and 
hence contains two phenolic hydroxy groups. It does not 
form any oxime. 

Cuscutalin is a lactone. It dissolves in caustic alkalies 
with a beautiful yellow colour. Although containing no 
aldehydic or ketonic groups reduces Tollen’s reagent slowly 
and gives a reddish brown colouration with an alkaline solu- 
tion of potassium nitroprusside. These reactions definitely 
prove it to be a member of the lactones which have 
been adequately reviewed by Jacobs (Jour. Bio, Chem., 1926, 
67 , 333 — 339, Phys, Bev.y 1933, 13 , 222). However more 
work on the elucidation of its constitution is in progress and 
will be published shortly. 

Pharmacologically cuscutalin appears to be a potent 
drug. It has been sent to King George’s Medical College, 
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Lucknow, where a detailed study of its physiological proper- 
ties will be undertaken. 

EXPERIMENTAL 

30 Kg of tlie fresh Cuscuta reflexa, was collected from 
the neighbourhood of Allahabad in the months of October and 
November, from various hosts. A preliminary examination 
showed that the chemical composition of the parasite was 
practically independent of the nature of its host. It was 
dried in sun and by so doing lost about 90% of moisture. 
It was then finely crushed in an iron mortar and when burnt 
in a porcelain dish left 9*85^ of a brownish white ash. 
This ash consisted of 19*12^ of water insoluble and 80*88% 
of water soluble inorganic material. The following elements 
and radicals were detected in the ash : — 

Sodium,, potassium, magnesium (traces), calcium, nitrates, 
phosphates, carbonates, and silica. 

In order to get an idea about the soluble portions of the 
drug, samples of the finely crushed material were exhaus- 
tively extracted in a Soxhelt’s apparatus using different 
solvents when the following amounts of extracts were 
obtained dried at 100®. 

Petroleum Ether Extract i — 15*2%. The extract was of 
a deep green colour, containing a greenish white crystalline 
matter suspended in it. 

Chloroform Extract: — 18*0%. The extract was of a 
pale yellow colour, and contained a small amount of a pale 
yellow deposit. 

Alcoholic Extract :—22'b% . The colour of the extract 
was greenish yellow containing a large amount of crystalline 
matter. It reduced Fehling’s solution easily. Gave a lead 
salt with neutral lead acetate, a silver salt with silver nitrate, 
deep greenish blue colour with ferric chloride. No reactions 
for alkaloids were obtained. 
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Aqueous Extract : — The extract was of a light 
orange colour, reduced Fehling s solution readily and gave a 
deep green colour with ferric chloride. 

For a complete analysis 2*5 kilograms of the powdered 
material was exhaustively extracted with boiling alcohol in a 
big extraction flask of five litre capacity, till the extract failed 
to give any white stuff on cooling. The extract wliich was 
of a light yellow colour was filtered hot and on cooling 
deposited cuscutalin which was filtered on a pump and 
washed with cold alcohol till a perfectly white stuff was 
obtained. In order to remove the whole crystalline mass 
from the plant at least five extractions were necessary. The 
stuff was dried in vacuo over calcium chloride and weighed 
25 grams. The melting point was 64°C. It was recrystal- 
lised from methyl alcohol. At this stage a substance was left 
which will not go into solution even on prolonged boiling. 
It was yellowish brown in colour and melted at 74®C. 
From its properties it appears to be a wax. The quantity 
obtained was. too small for any detailed investigation. 
Finally cuscutalin was recrystallised from a large volume of 
boiling ethyl alcohol, when perfectly white crystalline flakes 
were obtained melting sharp at 68°C. 

Properties of Cusculation : — Cuscutalin is a colourless 
crystalline substance soluble in benzene, phenol, chloro- 
form, ether and slightly so in ethyl alcohol, methyl alcohol, 
ethyl acetate, pyridine and acetic acid. It is insolu- 
ble in water. It dissolves in boiling caustic potash or 
caustic soda solution giving a beautiful yellow coloura- 
tion. It decolourises a solution of bromine in chloroform 
and a dilute alkaline solution of potassium parmanganate. 
It gives a positive Salkowski’s reaction, i.e., a solution 
of cuscutalin in chloroform and concentrated sulphuric acid 
gives a red and finally a green colouration. If cuscutalin 
is dissolved in chloroform and a littlu acetic anhydride is 
added followed by Con. HsS 04 a green colouration is formed 
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which finally changes to blue* It dissolves in concentrated 
sulphuric acid with a yellow colour which finally changes to 
deep red on warming, with concentrated hydro-chloric acid 
it gives no colouration, but with concentrated nitric acid a 
bright red colouration is developed on heating. It gives no 
precipitate with lead acetate or silver nitrate, but with 
alcoholic ferric chloride a light red colouration is produced. 
With Tollen’s reagent a light yellow coloured solution is 
formed which slowly changes to brown and finally a gradual 
reduction takes place. With alkaline solution of potassium 
nitro-prusside it gave a reddish brown colouration. [Found : 
C 74'0 ; 74'3; H 3'5, 3*7; M.W. (cryoscopic in phenol) 
260, 281; C,8 HioO* requires C. 74 5 ; H 3*4^ M.W. 
290.] 

Isolation of Cuscutin : — The combined alcoholic extract 
after the removal of cuscutalin was concentrated when a 
thick syrupy liquid was obtained. It was greenish red in 
appearance and smelt mostly of sugars. This was then 
extracted successively with benzene, ethyl acetate and 
water. 

The benzene extract was deep green in colour and 
contained a huge amount of chlorophyll. This was evaporat- 
ed to dryness and the dried mass washed repeatedly with 
cold alcohol till a greyish white stuff was left. Tiiis was 
crystallised from boiling alcohol when white flakes of cuscu- 
talin (m. p. 67'68°C.) were obtained. 

The ethyl acetate extract was golden red in appearance 
and on concentration became very hyrupy. Nothing chemi- 
cally definite could be isolated from it. 

After the treatment with benzene and ethyl acetate, the 
original mass was dissolved in ice-cold water with constant 
stirring. A brown stuff separated (m.p. 140®) which was 
filtered and washed. It was dissolved in a large quantity 
of water at the ordinary temperature and the golden yellow 
solution kept in an ice-chest overnight for crystallisation, 
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when pale yellow crystals separated which were filtered, 
washed and dried. The melting point was 208-209® (decomp.)* 
with previous softening at 179®. 

The aqueous extract after the removal of cuscutin as 
described above, was concentrated and was found to reduce 
Fehling’s solution readily. It contained a huge amount of 
reducing sugars. 

Properties of Cuscutin : — It is easily soluble in ethyl and 
methyl alcohols, pyridine and acetic acid, less so in acetone 
and water and insoluble in benzene, ethyl acetate, chloro- 
torm, ether and petroleum ether. The solution in all these 
solvents has an orange yellow colour. It decomposes if 
boiled with water. Cuscutin dissolves readily in solutions 
of alkali carbonates, bi-carbonates and hydroxides giving a 
bright orange yellow solution, which undergoes decomposi- 
tion if boiled. It can, however, be precipitated from these 
solvents by the addition of dilute mineral acids. With 
concentrated sulphuric acid a reddish brown colouration is 
produced with a slight fluorescence, with Con. nitric acid a 
blood-red colouration is developed which changes to light 
orange on warming, in Con. hydro-chloric acid it dissolves 
with an orange yellow colouration. It produces a green 
precipitate with ferric chloride, an yellowish white pre- 
cipitate with lead acetate and a white precipitate with 
silver nitrate. The dilute alkaline solution decolourises a 
solution of potassium permanganate. It gave a negative 
test for flavones and was completely decolourised on being 
boiled with ammonia and zinc dust. It was ,not glucosidic 
in character. [Found : C 53*4, 53*2 ; H 3*9, 3*7 ; M.W. 
(cryoscopic in phenol) 330, 342, (lead salt) 338 ; CiftHis O 0 
requires C 53*6 ; H 3*6% M. W. 336]. 

Lead Salt : — To 0*5 gm. of cuscutin dissolved in alcohol, 
an alcoholic solution of lead acetate was added drop by drop 
till the yellow precipitate was no longer^obtained. The lead 
salt was filtered, washed thoroughly and dried. It was an 
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yellowish brown stuff. (Found : Pb 48'07 ; CsoHigOigPbs 
requires Pb 48‘2^). 

Di-acetyl-cmcutin : — 1 gram of cuscutin, 25cc. of acetic 
anhydride and a little fused sodium acetate were refluxed 
for two hours. The hot mass was then poured into water 
when the acetyl derivative separated. This was filtered off 
and crystallised from glacial acetic acid when yellowish 
brown micro-crystalline needles were obtained melting at 
140°C. [Found: C SOM ; H 3-9 ; C,»H,oOg (C,HsO), 
requires C 50'4, H 3 5%.] 

Di-carbethoxy-cuscutin : — 1 gram of cuscutin was dissolv- 
ed in pyridine and to it an excess of ethyl chloroformate was 
slowly added with vigorous shaking till the solution had a 
slight pink colour. It was then poured into water, a black 
oil separated which solidified on keeping in water to a hard 
vitrous mass. It was filtered and crystallised from ethyl 
alcohol when brown crystalline flakes were obtained melting 
at 151°C. (decomp.). It dissolved in most organic solvents 
and gave no colouration with alkalies. (Found : C 52*9 ; 
B 3'9; CjjHioOg— CgHioOg requires C 52'5 ; H 4 2%. ) 

Di-methoxy-cmcutin : — 0'8 gram of cuscutin were dis- 
solved in strong caustic potash and di-methyl sulphate added 
slowly with constant shaking. More alkali was then added 
and the mixture shaked vigorously. It was cooled in tap- water. 
After about an hour of shaking an oily liquid separated at 
the top which gradually solidified on keeping in cold 
water. It was filtered and crystallised from alcohol when 
pale yellow crystalline flakes were obtained melting at 193°C. 
[Found: C = 55'8, H = 4’9; CijHjoOg (C. £[ 3)3 requires 
0 = 56*0; H 4-4%.] 

One of the authors (R- K. A.) is indebted to the Kanta 
Prasad Trust of the Allahabad University for a research 
scholarship. 




PUTREFACTIVE DECOMPOSITION OF BENGAL 
SILK COCOON 


BY 

SIKHIBHUSHAN DUTT, 

Chemical Laboratory, Allahabad University 


It is a well-known fact that silk cocoon in presence of 
water undergoes decomposition very quickly and in the silk 
industry during the process of maceration of the cocoons in 
aqueous liquids for the removal of the yarn, very often a 
heavy odour of putrefaction is evolved, particularly if the 
temperature of the atmosphere is high. The products of 
such putrefaction have never been investigated by any one 
up to this time and, although from the chemical point of view 
this would be quite interesting, yet the present investigation 
was undertaken from a slightly different standpoint. From 
a private communication from his friend Dr. V.N. Vyas of 
the King George’s Medical College, Lucknow, the present 
author came to understand that the product of putrefaction 
of silk acted as a strong pressor substance for the heart, 
raising the blood pressure to a considerable extent. Appa- 
rently this must be due to the formation of some substances 
of great physiological activity during the process of putrefac- 
tion of silk cocoon, and this was a sufficiently interesting field 
for research. Consequently the present investigation was 
undertaken with a view to elucidate the constitution of the 
compounds formed during the putrefaction. 

A large supply of pierced silk cocoons were obtained 
through the courtesy of the Sericulture Department of the 
Government of Bengal, lierhainpore* A preliminary examin- 
ation of the cocoons revealed the fact that they contained 
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25‘6% of sericin, 70'4% of fibrin, 2’2^ of moisture and 
about 2'0% of inorganic matter. The cocoons were coloured 
bright yellow and apparently contained a fairly large 
proportion of colouring matter in the form of carotin. 
Complete hydrolysis by hydrochloric and subsequent estima- 
tion of the amino acids by the Fischer's ester method 
gave the following results, which cau be compared with the 
results obtained by Abderhalden and Brahm (Ber, 1909, 61 , 


256) by the 

iiydrolysis of Bengal 

silk as given in the 

table below : 

From Bengal silk 

From Bengal silk 


cocoon by the 

by Abderhalden 


present author 

and Brahm 

Glycin 

... 28‘4^ 

.30-5^ 

Alanin 

... 22-85 

200 

Serine 

... 5-75 

1-8 

Leucine 

•85 

1-2 

Aspartic acid 

• Traces 

•8 

Gllutamic acid 

•8 

Traces 

Phenyl-alanine 

•8 

1*4 

Proline 

... Traces 

10 

Tyrosine 

... 12-8 

100 


From the above table it will be apparent that the really 
great difference between the two sets of results lies in the 
comparatively large proportion of serine obtained from the 
silk cocoon by the present author. 

The cocoons on maceration with about *50 times their 
weight of water and incubation at H7° for about a week, 
underwent extensive putrefaction and lost 35^ of their 
weight during the process. The liquid expressed from the 
undecomposed fibres had a most nauseating odour, and on 
systematic working up as described in the experimental 
portion of the paper, yielded the following substances in the 
pure state in the form of their hydrochlorides : ammonia 
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methylamine, ^^thylamine, p-hydroxy-phenylethylamine and 
amino-ethanol (1*3^, ’8^, 2’1% and ‘3% respective- 

ly). Carbondioxide was freely evolved during the process of 
putrefaction. From the afore-mentioned results it is quite 
apparent that the process of putrefaction of silk cocoon 
involved two stages, namely, one of hydrolysis of the 
protoin matter into amino acids and the other of elimination of 
carbondioxide from the amino acids with formation of amines, 
the two processes following each other so closely that at no 
time any great concentration of amino acids can be detected 
in the putrefying material. The amines mentioned above 
being well-known pressor substances, particularly p-hydroxy- 
phenylethy-lamine or tyramine, there is little wonder now that 
a decoction of putrefied silk cocoon would act as a strong 
pressor substance for the heart. The fibrous matter left after 
the putrefaction was over was found to undergo very little 
change on further treatment in the same way, and was 
practically pure fibrin. It had almost the same lustre as 
ordinary silk fibre but only about half the strength. It 
was practically completely bleached after the putrefaction. 
It was not further examined chemically. 

EXPERIMENTAL 

100 grams of silk cocoons were macerated with 5 litres 
of distilled water and the mixture contained in a wide 
mouth extraction flask was incubated at 37^ for seven days. 
At the end of tliat period the light brown cloudy liquid 
with a disgusting odour of putrefaction was squeezed oS 
from the fibrous material and filtered first through cloth 
and then through filter paper. The filtrate which had a 
strongly alkaline reaction was neutralised with dilute hydro- 
chloric acid and evaporated to dryness at first over the free 
flame and finally on the water-bath. A dark brown crystal- 
line solid (yield 19’8^) was left behind and from a large 
number of experiments of the above type a total quantity of 
9. 4 
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grams was collected. This was refluxed with 3 litres 
of absolute alcohol and 30 grams of animal charcoal for 
nearly 12 hours and then filtered. The filtrate on cooling 
deposited a large amount of colourless crystalline needles 
which were filtered off, washed with absolute alcohol and 
dry ether and recrystallised from absolute alcohol. This 
product was termed Fraction A, 

The residue on the filter paper was extracted with 
boiling water, and the filtered extract evaporated to a small 
volume and allowed to stand when a large amount of colour- 
less feathery crystals separated out. This was filtered off 
and recrystallised from a small quantity of boiling water. 
This was termed Fraction B. 

The mother liquor from Fraction A was evaporated to 
about 500 cc. in volume and allowed to stand in the refri- 
gerator for 24 hours, when another crop of colourless 
needle-shaped crystals separated out. They were filtered 
off and recrystallised from pure methyl alcohol in colour- 
less hygroscopic needles. This portion was termed 
Fraction C. 

The mother liquor from the above was treated with dry 
ether until an oily precipitate was no longer formed. On 
allowing to stand in the refrigerator the oily product solidi- 
fied and was filtered off and washed with dry ether. It 
was recrystallised from a mixture of equal volumes of dry 
ether and absolute alcohol in colourless prismatic needles. 
This was termed Fraction D, 

The mother liquor and the washings from the above 
were collected together and the whole evaporated to dryness. 
A pale brownish white, highly hygroscopic crystalline solid 
was left behind which was washed with small quantities of 
petroleum ether and finally recrystallised from a mixture of 
equal proportions of chloroform and benzene. The sub- 
stance was thus obtained in pale cream coloured highly 
hygroscopic needles. This was termed Fraction E. 
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EXAMINATION OF THE VARIOUS FRACTIONS 
MENTIONED ABOVE 

Fraction A , — This melted at 269®C and was easily soluble 
in water. On treatment of the aqueous solution with dilute 
caustic soda or ammonia an immediate white precipitate was 
formed which was filtered off and crystallised from ether in 
colourless needles melting at 161°C. and identified to be p- 
hydroxy-phenylethylamine or tyramine. The melting point 
was unaltered on admixture with a genuine sample of 
tyramine obtained from Messrs. E. Merck. (Found : N = 10’4 ; 
Cg Hii ON requires N=10*2 %.) 

Fraction B . — This did not melt at all but gradually 
sublimed on heating without leaving any residue. On 
treatment with caustic soda a strong smell of ammonia was 
evolved. The substance was identified as ammonium 
chloride. 

Fraction 0. — This melted at 223 — 224° and crystal- 
lised in two forms— needles and leaflets. On treatment with 
dilute caustic soda no precipitate was formed, but a strong 
ammoniacal fishy odour was evolved. Aqueous solution 
of the substance gave an immediate precipitate with aqueous 
picric acid which on recrystallisation from dilute alcohol 
melted at 206°. The substance was identified to be methyla- 
mine hydrochloride and the melting point was not depressed 
on admixture with a sample of the genuine substance obtained 
from Messrs. E. Merck. (Found : N = 20*5; CHs NH 2 . HOI 
requires N = 20'7 

Fraction D . — This melted at 73 — 78° and crystallised both 
in the form of prismatic needles and also glistening leaflets. 
It was easily soluble in water and on treatment of the 
aqueous solution with dilute caustic soda no precipitate was 
formed, but a strong fishy odour was evolved. The aqueous 
solution gave immediate precipitates with dilute solutions of 
mercuric chloride, platinic chloride and chromic acid, but 
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not with aqaeoas picric acid. The crystalline substance on 
treatment with acetic anhydride and sodium acetate gave a 
crystalline acetyl derivative melting at 204®. The substance 
was identified to be eihylamine hydrochloride and was in all 
respects identical with a genuine sample of the substance 
prepared from Merck’s 36%^ alcoholic ethylamine solution. 
The melting point was also not depressed on admixture with 
the prepared sample. (Found: N = 17‘5; Cg Hs NHg- 
HCl requires N = 17-1^.) 

Fraction E. — This melted at 96 - 97° and was extreme- 
ly hygroscopic. The aqueous solution was slightly acidic in 
reaction and gave immediate precipitates with aqueous platinic 
chloride and picric acid. The picrate crystallised from 
alcohol in large lemon-yellow hexagonal tablets melting at 
158-159°. The substance was identified to be the 
hydrochloride of amino-ethanol and on SiCcoViXii of the highly 
hygroscopic character of the hydrochloride, the picrate was 
analysed. (Found: N = 19*6 ; Cg NO. Cg Hg (N08)3 O 
requires N = 19'3^.) 

The author wishes to express his best thanks to the 
Deputy Director of Sericulture, Government of Bengal, 
Berhampore, for a generous supply of pierced silk cocoons. 



DYES DERIVED FROM ACETYLENE- 
DICARBOXYLIC ACID 


BY 

RAM NATH MISRA AND SIKHIBHUSHAN DUTT 
Ohemioal Laboratory, University of Allahabad 

In the light of ‘a tlieory of colour on the basis of mole- 
cular strain’ advanced by one of the present authors (Dutt, 
J., 1926, 129, 1171; Jour- Ind- Ghent. Soe., 1927, IV, 99), 
substances containing acetylenic linkages should produce 
greater absorption of light in the higher wavelengths and 
consequently should be more coloured than those containing 
ethylenic linkages by virtue of the former possessing triple 
bonds in place of the double bonds of the latter. A com- 
parison of the absorption maxima of some well-known ethy- 
lenic and acetylenic compounds brings out this fact very 


clearly. Thus : 

Name of (he 

Absorption 

Name of the 

Absorption 

compoimd 

maxima 

compound 

maxima 



Ethylene 

2440 

Elaidic acid 

2b00 

Acetylene 

2470 

Stearolio acid 

2640 

Styrene 

2780 

Diphenyl-diethylene 

3400 

Phenyl-acetylene - 

2740 

Diphenyl-diaoetylene 

3630 

Cinnamic acid 

2800 

Diiodo-ethylene 

2860 

Phenyl-propiolic acid 

2820 

Diiodo-acetylene 

2940 

Stilbene 

2860 



Tolane ... i 

i 

3030 




All the compounds mentioned above being colourless, 
their absorption bands lie in the ultra-violet region of the 

spectrum. Consequently their determination is a matter of 
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considerable difficulty, and their position is also found to 
change slightly with change in conditions and solvents in 
which they are examined. On account of this it was thought 
that if some dyestuffs could be prepared containing acetylenic 
linkages in their molecules, they could be easily compared 
with their ethylenic analogues by direct determination of 
their absorption spectra by means of a high dispersion glass 
spectrograph either by eye observation or by photographic 
methods. Selection of an appropriate starting material was 
not particularly easy on account of the great paucity of data 
available in literature with regard to acetylenic compounds, 
but after a considerable amount of deliberation and trial, 
acetylene-dicarboxylic acid was selected for this purpose. 

Acetylene-dicarboxylic acid is very unstable in the 

ordinary sense, since when heated to its temperature of 
fusion, 178°, it loses carbon dioxide progressively and 
gets converted first into propargylic acid and finally into 
acetylene : 

C COOH -CO, CH -CO, CH 

111 — » III — > III 

0 COOH C-COOH CH 

It does not give any anhydride under ordinary conditions, 
since most of the inorganic dehydrating agents like sulphuric 
acid, zinc chloride, hydrogen chloride, etc., employed for the 
production of anhydrides from dibasic acids, decompose it 
into carbon-dioxide and propargylic acid. By heating with 
acetic anhydride, the acid gets converted into acetoxy-maleic 
anhydride: 

C-COOH acetic (JHgCOO-C-CO 

III > II >0 

C— COOH anhydride HO— CO 

Acetyl-chloride also gives the same product under identical 
conditions. 

Since the acid does not form an anhydride under the 
usual conditions, it was at first thought that the production 
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of the pyronine dyestuffs from the acid, which require the 
intermediate formation of the anhydride, would not be 
feasible, but as the result of trial experiments that were 
conducted, it was found that pyronine dyestuffs are quite 
readily formed from acetylene-dicarboxylic acid by condensa- 
tion with aromatic amino and hydroxy compounds in the 
normal manner. Consequently the only hypothesis that can 
be advanced to explain this interesting phenomenon is that 
acetylene-dicarboxylic acid does form an anhydride like 
maleic and succinic acids, but under ordinary conditions, the 
anhydride is very unstable and undergoes decomposition as 
soon as it is formed. If however substances are simultane- 
ously present with which the anhydride can undergo con- 
densation, it reacts with them as soon as it is formed with 
production of stable condensation products. 

By analogy with dyes derived from citraconic acid 
(Dhar and Dutt, Jour. Ind. Chem. Soc., 1927, IV, 254) it is 
quite reasonable to suppose that dyes derived from acetylene- 
dicarboxylic acid also possess the same skeleton structure 
with the exception that the latter possess a triple bond in 
place of the double bond of the former. Consequently it can 
be expected that dyes derived from acetylene-dicarboxylic 
acid will be more coloured than the corresponding dyes 
derived from citraconic acid. This expectation with regard 
to these dyestuffs has been realised and on systematic com- 
parison it has been found that they are more coloured and 
more absorptive than the corresponding dyes derived from 
citraconic, itaconic or maleic acid. This will be quite evident 
from the tables of absorption maxima given at the end of the 
paper. 

The following aromatic amino and hydroxy compounds 
have been condensed with acetylene-dicarboxylic acid and 
the corresponding dyestuffs obtained: phenol, resorcinol, 
phloroglucinol, orcinol, m-dimethylamidophenol, m-diethyla- 
midophenol and m-phenylenediamine. The compound with 
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resorcinol has also been brominated and the corresponding 
tetrabromo derivative prepared. The triple bond has been 
found to be unattacked during the process. 

Condensation was not found to take place in the follow- 
ing cases : o-, and p-cresol, o-, m-, and p-xylenols and 
m-arnidophenoK In the ease of catechol and pyrogallol, 
although condensation had apparently occurred, yet the 
products could not be obtained in a state of sufficient purity 
for further examination or analysis. 

Although condensations took place without the use of 
any condensing agent, yet the employment of a trace of con- 
centrated sulphuric acid and in some cases, tin tetrachloride, 
was found to be beneficial in producing greater yield of the 
dyestuffs. Nevertheless it was found however that the yields 
obtained were very unsatisfactory on account of the form- 
ation of tarry by-products, and a considerable loss of the 
starting materials occurred during the condensation process. 
With the exception of the phenol compound, all the rest of 
the dyestuffs are strongly fluorescent in solution. 


EXPERIMENTAL 

Phenol-acetylenein.—K mixture of acetylene-dicarboxylic 
acid (2'1 g.), phenol (6 g.) and tin tetrachloride (15 g.) was 
heated in an oil-batli at 110—120® for 15 hours. The melt 
on cooling was poured into water and the excess of phenol 
distilled off in steam. The residue was extracted with con- 
centrated ammonia and precipitated with hydrochloric acid 
and the process repeated a number of times. The brown 
product thus obtained was finally purified by extraction with 
ether and crystallisation from the same solvent. It is a 
brownish yellow microcrystalline substance which shrinks 
at 115® and melts with decomposition at 119-120®. 

The substance is readily soluble in alcohol to a pink 
solution. In acetone, glacial acetic acid and ether a bright 
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yellow solution is obtained. It is insoluble in water, chloro- 
form, ligroin, benzene, petroleum ether and carbondisulphide. 
In dilute alkalies it dissolves with a brilliant pink colour 
and from the solution it is reprecipitated unchanged by 
acidification. (Found: 0 = 72*05; H = 3‘82; CieHio O4 
requires 0 = 7218 ; H = 3‘76^.) 

BesorcinoUacetylenein , — A mixture of acetylene-dicar- 
boxylic acid (1*5 g.), resorcinol (4 g.) and two drops of 
concentrated sulphuric acid was heated in an oil-bath at 
120 — 130° for 8 hours. The reaction product was then dis- 
solved in b% cold caustic soda solution and after filtration it 
was reprecipitated with dilute hydrochloric acid. It was 
then dissolved in absolute alcohol and precipitated by dry 
ether. Finally it was crystallised from absolute alcohol in 
brown microscopic needles which decomposed at 185°. 

The substance dissolves in alcohol, acetone, acetic acid 
and pyridine forming bright yellow solutions with intense 
green fluorescence. In dilute caustic alkalies it dissolves 
with an orange colour and the same bright green fluorescence. 
(Found: 0 = 67*67; H = 3’83; Cie Hs O5 requires 0 = 67*77; 
H = 3*86^.) 

TetrahromoresorcinoUacetylenein — The above compound 
(‘8 g.) dissolved in alcohol (40 c.c.) was treated with an 
excess of bromine in the same solvent and the mixture 
heated under reflux on the water-bath for three hours. On 
the addition of water a dark brown heavy liquid was preci- 
pitated which was separated by decantation and washed 
with mixed solutions of potassium iodide and sodium thio- 
sulphate, in order to remove the excess of bromine still 
present. On treatment of the heavy liquid with cold 2% 
caustic soda, the greater portion of it dissolved forming a 
bright pink solution, while a small oily residue remained. 
The latter on examination was found to be bromoform and 
the pink solution on treatment with dilute hydrochloric acid 
precipitated the colouring matter in brick-red flocks which 
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were collected and crystallised from glacial acetic acid in 
steel-blue needles with a golden metallic lustre. It melts 
at 115—117° with decomposition. (Found: Br = 53‘46; 
Cl 6 H« Og BPg requires Br = 53’51^.) 

Phloroglucinol-acetylenein^ — This was obtained from 
phloroglucinol and acetylene-dicarboxylic acid in accordance 
with the method described above. The substance crystallises 
from absolute alcohol in brown microscopic needles which 
do not melt even at 310°. It dissolves in most of the organic 
solvents and also dilute alkalies with a yellowish pink colour. 
(Found: C = 57‘72; H = 3'77 ; CieHgOi.HiO requires 
C = 58 09; H = 3*03^.) 

Orcinol-acetylenein. —This was obtained from orcinol and 
acetylene-dicarboxylic acid in a similar way to the above. 
It is a light yellow amorphous powder which melts with 
decomposition at 155 — 157° and dissolves in most of the 
organic solvents with a yellow colour and in dilute alkalies 
with a bright pink colour. The solution in each case has a 
dark green fluorescence. (Found: C = 69’96; H = 4’08; 
C,8 H,s Og requires 0 = 70-13 ; H = 3-96%.) 

m-Dimethylamidophenol-acetylenein. — A mixture of ace- 
tylene-dicarboxylic acid (2-5 g.), m-dimethylamidophenol 
(6 g.) and 4 drops of concentrated sulphuric acid was heated 
in an oil-bath at 130 — 140° for 8 hours. The cold melt was 
extracted with dilute hydrochloric acid and the filtered 
extract precipitated with dilute sodium carbonate. The pink 
coloured flocculent mass was filtered off and crystallised 
from 80^ alcohol in fine pink needles, melting with decom- 
position at 126°. 

The substance is easily soluble in al cohol and acetone, 
giving pink solutions with strong orange-brown fluorescence. 
In dilute acids also the same colour and fluorescence are 
observed. It is moderately soluble in chloroform, pyridine 
and etbylacetate but dissolves only sligh tly in carbondisul- 
phide and ether. It is completely insoluble in water, benzene 
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and petroleum ether. (Found: N = 8’61; C 20 H 18 NS Os 
requires N = 8'36^.) 

m^Diethyhmido'phenol-acetylenein . — This was prepared 
from acetylene-dicarboxylic acid and m-diethylamidophenol 
in a similar way to the above. It is a pink substance melting 
with decomposition at 109° and with properties very similar 
to the above-mentioned compound. (Pounds N = 7‘39; 
C 24 Hse Os Ns requires N=7T8^.) 

m-Pheuylenediamine-ucetylenein . — A mixture of acetylene- 
dicarboxylic acid (2 g.) and m-phenylenediamine hydrochlo- 
ride (4'5 g.) was rapidly melted over a free flame and 
quickly cooled, the whole operation hardly taking more than 
two minutes. The dark red melt was extracted with abso- 
lute alcohol and Altered from the unchanged diamine 
hydrochloride. The addition of ether to the above flltrate 
precipitated the dyestuff in bright yellow flocks which were 
collected and crystallised from 90^ alcohol in light brown 
microscopic needles which decompose without melting at 260°. 

The substance is fairly soluble in alcohol, acetone, 
acetic acid and pyridine, slightly soluble in ethylacetate, 
chloroform and water and completely insoluble in ether, 
benzene, carbondisulphide, ligroin and petroleum ether. 
(Found: N = 15*54 ; Cie Hu Ns Og requires N = 15‘17^.) 


Absorption maxima of the aeetyleneins and their analogues. 


Compound 

Aoetyleuein 

Malein 

Citraoonein 

Itaoonein 

Phenol 

5210 

1 


... 

Resorcinol 

.5180 

4800 

4940 

4880 

Tetrabromo- 

resoroinol 

6600 

5180 

5490 


rn-diethyamido- 

phenol 

•>670 

5400 

5660 

5470 

Phlorogluoinol .. 

5640 

... 


... 






DYES DERIVED FROM ACRIDIC ACID 


BY 

MAHADEO PRASAD GUPTA AND SIKHIBHUSHAN DUTT 
Chemical Labor atory^ University of Allahabad 

Acridic acid, which is qainoline-2 : 3-dicarboxyIic 
acid, contains two carboxyl groups in ortho position to one 
another, and is therefore expected to yield dyestuffs on 
condensation with aromatic amino and hydroxy compounds 
in the same way as phthalic acid or quinolinic acid 
(Ghosh, J., 1919, 115, 1102). Recently, Tewari and Dutt 
{Jour- Ind. Chetn. Soe., 1928, V, 58) have successfully 
condensed quinoline-1 : 2: 3-tricarboxylic acid with aromatic 
amino and hydroxy compounds with production of dyestuffs 
having interesting properties of colour and fluorescence. 
They could not condense acridic acid itself on account of 
the fact that at that time it was practically an inaccessible 
material, but nevertheless from theoretical considerations 
they came to the conclusion that dyes derived from acridic 
acid, even if they could be prepared, would have the same 
colour as the corresponding dyes derived from quino- 
line-1: 2 : 3-tricarboxylic acid. 

Acridine being now available in quantity, acridic acid 
was prepared from it by oxidation with potassium permanga- 
nate, and the acid condensed with aromatic amino and 
hydroxy compounds in the usual manner with production 
of dyestuffs. These on comparison with the corresponding 
dyes derived from quinoline-1 : 2 : 3-tricarboxylic acid pre- 
pared by Tewari and Dutt, it was found that the former 
class of dyestuffs are much more intensely coloured and 

far more absorptive than the latter. From this it is quite 
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evident that the extra carboxyl in the dyes derived from 
qninoline-l : 2 ; 3-tricarboxylic acid acts as a bathochrome 
in reducing the intensity of colour and fluorescence. This 
fact will be quite apparent from the table of absorption 
maxima given at the end of the paper. 

The following aromatic amino and hydroxy compounds 
have been condensed with acridic acid and the correspond- 
ing dyestuff obtained: phenol> resorcinol, phloroglucinol, 
hydroxyquinol, m-aminophenol, m-dimethylamidophenol, 
m-diethylamidophenol, orcinol and m-phenylenediamine. 
The compound with resorcinol has also been brominated 
and the corresponding tetrabromo derivative obtained. The 
condensation takes place without the use of any condensing 
agent, but the addition of a trace of concentrated sulphuric 
acid is beneficial in producing an increased yield of the 
dyestuff. In general properties these dyes resemble the 
corresponding phthaleins, but the intensity of colour is 
slightly more and the fluorescence slightly less. They dye 
wool and silk beautiful and brilliant shades. 

EXPERIMENTAL 

Preparation of acridic acid - — Ten grams of acridine 
were brought to a fine state of subdivision by solution in 
dilute hydrochloric acid and precipitation with cold dilute 
caustic soda. The voluminous precipitate thus obtained 
was collected, suspended in water and oxidised with .a 2^ 
solution of potassium permanganate in the usual manner. 
The mixture was heated to boiling and the permanganate 
added until it was no longer decolorised. The precipitated 
manganese dioxide was filtered off, first through cloth and 
then through paper, and the filtrate after being neutralised 
with hydrochloric acid was evaporated to a small volume 
and allowed to stand when a large amount of potassium 
ohloride crystallised out. The filtrate on acidification with 
concentrated hydrochloric acid deposited the acidic acid 
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gradually in crystalline crusts which were collected and 
recrystallised from dilute alcohol in stout prisms melting at 
128—130° with decomposition. 

The condensations of acridic acid with aromatic amino 
and hydroxy compounds were effected in the same manner 
as in the case of quinoline-1 : 2 : .3-tricarboxylic acid. For 
the sake of abbreviation, the results are given in tabular 
forms at the end of the paper. 



Table I, 

(A = — acridein) 
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Absorption maxima of the acrideins and analogous dyestuffs (wavelengths). 
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CHEMICAL EXAMINATION OF BUTEA 
FRONDOSA FLOWERS 

Isolation of a Crystalline Glucoside of Butin 


BT 

JAGRAJ BBHARI LAL AND SIKHIBHUSHAN DDTT 
Chemical Laboratory, University of Allahabad 

Butea Frondosa, called Dhah or Polas in Hindustani 
is a fine tree belonging to the natural order of Leguminosos 
and is very common in India- The flowers which in the 
dried state are known as tisu or palas-ke-phul have either 
a bright yellow colour with bright orange spots or have an 
orange colour with red spots. They are the source of one 
of the few surviving members of the large number of natural 
organic colouring matters and are still used in India especial- 
ly in the United Provinces. Large quantities of the flowers 
are collected in March and April and employed by the people 
to produce a yellow dye much used during the “ Holi Festi- 
val. ” “ The flowers are supposed to be astringent, depura- 

tive, diuretic, and aphrodisiac, as a poultice they are much 
used to disperse swelling and promote diuresis and the 
menstrual flow. They are given to enceinte women in the 
case of diarrhoea, and are applied externally in orchitis.” 
{Indian Medicinal Plants, by K. R>. Kirtikar and B. D. Basu, 
1918, Part I, page 443.) 

A preliminary examination of these flowers was made 
by Hummel and Caralls {Proc., 1894, 10, 11) who isolated a 
substance termed “butein” Ci 5 Hi 405 ,and supposed this 
to be the true colouring matter. This product, in some 

respects yielded shades which were not unlike those of flsetin 
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obtained from young fustic. Hill (Proc., 1903, 19, 133) 
extracted from these flowers a colouring matter in the form 
of lemomyellow crystals which gave the reactions of fisetin- 
He noted further the presence of a phlobaphene which on 
fusion with caustic potash gave phloroglucinol and protocate- 
chuic acid. Finally Hummel and A. G. Perkin, (1903, Proc., 
p. 134) and Hummel and Perkin {T. 1904, 1463) examined 
the flowers and isolated by acid hydrolysis of the aqueous 
extract a colourless crystalline compound, butin CisHjgOg 
melting at 224 — 226° and traces of an orange-red crystalline 
substance, butein Ci gHi 3 O 5 melting at 213—215°. They 
also proved the nonoccurrence of fisetin in the flowers and 
were of opinion that they contain but a trace of free butin or 
butein. As a result of the dyeing tests with mordanted calico, 
they assumed that butin and butein were present in the 
form of glucosides which they failed to isolate. 

The constitutions which Perkin and Hummel {T. 1904, 
1463) assigned to butin and butein are those of 7; 3': 4' 
trihydroxy flavanone (1) and 2 : 4 : 3' ; 4' tetrahydroxy-chal- 
kone (II) respectively and they established the correctness 
of these formulse by the synthesis of butin and butein 
trimethyl ether. 



CO 


(I) (II) 

Somewhat later {Ber., 1911, 44, 3502) GOschker and 
Tambur prepared butein itself by treating protocatechnic 
aldehyde and resacetophenone in boiling alcohol with potassium 
hydroxide and found it to be identical in all respects with 
the natural product. Later on attempts of J. S. Shinoda, 
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S. Sato and M. Kawagoe (J. Pharm. Soc., Japan, 1929, 49, 
No. 571, 123 — 125 and 1930, Abst. 93) to repeat their 
synthesis were unsuccessful. They however succeeded in 
synthesising butein by the condensation of the acid chloride 
of dicarbethoxy caffeic acid with resorcinol. 

In view of the uncertainty as regards the probable 
existence of a glncoside in the flowers the present authors 
undertook a critical investigation and have isolated a colour- 
less crystalline glucoside OsrHssOi 5, 2HgO melting sharp 
at Iflfl'b” and giving on hydrolysis two molecules of glucose 
and one of butin. A satisfactory process for the isolation 
of the diglucoside of butin, the first recognised member of 
the flavanone group has been worked out. The glucoside 
has been termed butrin in view of the fact that it is a 
glucoside of butin. The yield of butrin is on the whole 2‘6^ 
and that of the phlobapbene and of butein isolated are 1 % 
and '.003^ respectively. 


EXPERIMENTAL 

Dried flowers were .obtained from the local market and 
their petals were collected and ground to a coarse powder 
in a grounding machine. The powdered flower-petals were 
extracted in 50 gram lots in a Sohxlet’s apparatus with 
various organic solvents. The solvent was subsequently 
evaporated and the extract thus obtained dried to a constant 
weight at 100°C. The results are given below : — 

Alcoholic extract. — (21*46^.) Orange-yellow, soft crys- 
talline mass with a peculiar odour. It gives an olive-green 
colour with ferric chloride, a brownish-yellow granular 
precipitate with lead acetate and reduces Fehling’s solution. 
Microscopic examination of the substance revealed the 
presence of a yellow crystalline colouring matter, a colour- 
less crystalline substance, a wax and chlorophyll. 
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Acetone extract. — (13*56^.) Similar to the alcoholic 
extract, but much lighter in colour. A lemon-yellow crystal- 
line substance could be easily discerned through the matrix 
of sticky matter. 

Ethylacetate extract. — (5*5%. ) Light yellow semi-solid 
substance, containing crystalline matter in suspension. It 
had properties similar to the alcoholic extract. 

Benzene extract — (*01%.) Light yellow substance with 
properties similar to the above. 

The dried flowers when completely incinerated left 
11*52% of a flesh coloured ash containing 2*98% of water 
soluble and 8*54% of water insoluble inorganic constitutents. 
The water soluble portion was mainly potassium carbonate 
with traces of sodium phosphate and chloride. The water 
insoluble portion contained calcium, magnesium, aluminium 
and traces of zinc together with sulphate, phosphate and 
carbonate. 

Isolation of butrin. — For complete examination 4 Kgs. 
of the coarsely powdered flowers were in lots of 700 gms. 
repeatedly extracted with rectified spirit in a five litre 
extraction flask until the extract was no longer coloured. 
The combined orange-yellow extracts were distilled until 
most of the solvent had been recovered and the residue 
boiled frothily. It was then allowed to stand at the ordinary 
temperature for about a week by which time a large amount of 
soft crystalline matter had separated out. The thick crystal- 
line magma was slightly thinned by the addition of about 
one-tenth of its volume of alcohol and. filtered at the pump 
with good suction. The residue was washed with alcohol, 
until it had assumed a lemon yellow colour. After drying 
at first in the air and then in the steam-oven it was obtained 
as a yellow crystalline gritty mass melting at 135 — 139° 
and was of a glucosidal nature. It was repeatedly extracted 
with hot benzene in order to remove chlorophyll and waxy 
matter. Then it dissolved fairly readily in cold water and 
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this rather unusual property suggested that it was probably 
a salt of the dyestuff and on examination it proved to be the 
case since it contained potassium in organic combination in 
considerable quantity. By repeated crystallizations from 
alcohol it could only be obtained as a soft yellow crystalline 
mass containing in between clusters of white tiny needles. 
The substance on repeated extractions with boiling acetone 
gave a very small amount of an intensely sweet substance 
which was not further examined. The melting point of the 
substance rose to 190“ after three crystallizations from hot 
water when it was obtained in the form of tiny colourless 
needles and after two crystallizations from alcohol melting 
point rose to 193’5° and did not rise any further. This 
substance on slow and careful crystallization is obtained in 
the form of glistening needles, often as long as one cm. The 
air-dried substance has the composition CarHsaOis, 2HtO 
and loses the two molecules of water of crystallization when 
heated at 120°C for 15 hours. The anhydrous substance 
is extremely hygroscopic and readily absorbs two molecules 
of water of crystallization when exposed to air. It has all 
the properties of a glucoside since it reduces Fehling’s 
solution only after hydrolysis with mineral acids. Further 
crops of the lemon-yellow gritty mass were obtained by 
concentrating the successive mother liquors and the aqueous 
washings but they required after removal of waxy matter 
and chlorophyll, several crystallizations from hot water 
before they were sufficiently pure to be crystallized finally 
from alcohol. 

It is slightly soluble in cold water to a perfectly colour- 
less solution which remains undecomposed on boiling. It is 
insoluble in acetone, ether, benzene, bromoform, carbontetra* 
chloride, chloroform and petroleum ether; slightly soluble 
in cold and moderately soluble in hot ethyl and methyl 
alcohol, and glacial acetic acid and is very readily soluble in 
pyridine to colourless solution. In caustic alkalies and alkali 
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carbonates however it dissolves to a deep yellow solution and 
on boiling it undergoes decomposition giving a deep orange 
solution. It gives no precipitate in alcoholic solution with 
silver nitrate and calcium chloride, but gives a pale yellow 
precipitate with lead acetate. It does not give any coloration 
with alcoholic ferric chloride, but with excess of methyl or 
ethyl alcoholic hydrochloric acid and magnesium powder gives 
an intense violet coloration which turns brown on dilution 
with water, thereby showing that the substance is a flavanone 
derivative (Tsujimura, Bull. Inst. Phys. Chem. Bes., Tokyo, 
Vol. VI, 12, III; Chika Kuroda, J. C. S., 1930, 137 , 753). 
It gives an intense red coloration with concentrated hydro- 
chloric acid which disappears on dilution. With concentrated 
sulphuric acid it first turns orange-red and finally dissolves 
to an orange-red solution which turns deep red on warming. 
It does not contain any methoxy or ethoxy groups since 
Zeisel’s method of treatment gave a negative result. (Found: 
loss of HjsOat 120®=5'84%, 5-79^; CstHssOij, 2HjO 
requires H 50 = 5'69^. The air-dried substance gave on 
combustion C = 51 24, 51*26, 51*21^ ;H = 5*69, 5*84, 5-78^ 
and the fully dried substance gave C = 54*32, 54*19^; 
H = 5*67, 5*64^; C27HssOi 5, 2H20 requires C = 5r26; 
Hss 5*69; and CtTHgjOis requires C = 54*3; H = 6'6^.) 

Isolation of butein . — A portion of the filtrate after the 
separation of the above-mentioned butrin was treated with 
excess of hot alcoholic lead acetate and the resulting bright 
orange-yellow precipitate filtered off, and well washed first 
with alcohol and then with hot water.. This on decomposi- 
tion with hydrogen sulphide in alcoholic suspension and after 
filtering of the lead sulphide gave a deep orange solution 
which on concentration deposited no crystalline mass. It 
was treated with hot water when a viscous deep-red mass 
separated and the later on repeated extraction with water 
left behind a phlobaphene melting at 115°C which was also 
isolated by Hill. 
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The aqueous solutions after concentration at first under 
ordinary pressure and then under reduced pressure slowly 
deposited a small amount of an orange precipitate, which on 
repeated crystallization from dilute alcohol was obtained in 
the form of bright yellow needles melting at 213 — 215°. It 
gave an olive brown coloration with alcoholic ferric chloride, 
a deep red precipitate with alcoholic lead acetate and dissolv- 
ed in alkalis and alkali carbonates to a deep orange-red 
solution. It was identified to be butein of A.Gr. Perkin {loc, 
cit) which he isolated in traces from the flowers of Butea 
Frondosa, (Found : substance dried at 160°C= 66*07, 
H = 4‘57^; Ci 5 Hi 205 requires C = 66*17 ^ ; H = 4‘41^). 

The alcoholic filtrate and washings from the afore- 
mentioned lead acetate precipitate gave a bright yellow pre- 
cipitate on treatment with excess of basic lead acetate. This 
on working up in accordance with the method described 

above gave an orange-yellow solution which on concentration 
deposited considerable quantity of yellow crystalline mass 
which on purification was found to be butrin. No other 
glucoside or substance of interest could be isolated from 
these mother liquors. 


HYDROLYSIS OF BUTRIN AND FORMATION 
OF BUTIN 

Butrin (2 grams) was hydrolysed by heating with dilute 
sulphuric acid (100 c.c. of b%) under reflux on the water- 
bath for two hours. The substance gradually dissolved 
forming a light yellow solution, which on standing for several 
days deposited a quantity (*8 g.) of pale yellow needles. 
These on several re-crystallizations from alcohol were obtained 
as a practically colourless substance crystallizing in needles 
and melting at 224 — 225°. This was identified as the butin 
of A. G. Perkin. The substance dried at 140° gave the 
8 . 7 
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following results on analysis: (Found* C = 66'07 ; H = 4‘41 ; 
Cl eHisOfl requires C = 66'27 ; H = 4'4^.) 

The mother liquor left after the hydrolysis of butrin, 
reduced Febling’s solution strongly, and on treatment with 
phenylhydrazine gave an osazone which melted at 202° and 
was identical with phenylglucosazone. The sugar contained 
in butrin therefore must be glucose, and the former must be 
the di-glucoside of butin. 

One of us (J. B. L.) wishes to express his indebtedness to 
the Kanta Prasad Research Trust of the Allahabad Univer- 
sity for a scholarship which enabled him to take part in this 
investigation. Farther work on this subject is in progress. 



METALLIC URANIUM IN ORGANIC 
SYNTHESIS-PART I 


BY 

JAQRAJ BBHARl LAL AND SIKHIBHUSHAN DUTT 
Chemical Laboratory, Allahabad University. 

Since the middle of the nineteenth century, various 
metals or metallic derivatives have been used in organic 
synthesis. The earliest among them was potassium, which 
was used by Frankland and Koble (Annalen, 1848, 65, 269) 
in 1848, in the vain hope of isolating free alkyl radicals from 
alkyl nitrites. The use of sodium came immediately after 
this and it was found to be a better reagent than potassium. 
Zinc was used by Frankland (Annalen, 1853, 85, 329) in 
1853 and also by Frankland and Duppa (Annalen, 1863, 126, 
109) ten years later on. The use of magnesium in organic 
synthesis was made a classical study by Grignard (Comp^ 
Bend- 1900, 130, 1322) and silver was extensively used by 
Wislicenus. Copper was used by Sandmyer and Gatterman 
(Ber., 184, 17s 1633; 189, 23, 1218) but its great value as a 
synthetic reagent was established in a remarkable series of 
experiments by Ullmann. (Ber., 1091, 34, 2174; 1903, 86, 
2383; 1904, 37, 853; 1905, 38, 729; 1906, 39, 1691, 2211). 
Nickel was used as a catalytic hydrogenating agent by 
Sabatier and Sandereens {Comp- Bend-, 1901, 132, 201) and 
aluminium was used successfully by Roy and Dutt {Jour- 
Indian Chem. Soc-, 1928, 5, 103) and chromium by Chakra- 
barti and Dutt {loo. cit-, 1928, 5, 517). Very recently J. B* 
Lai and S. Dutt {ibid., 1932, 9, 565) have used successfully 
a comparatively rare metal cerium in organic synthesis. 

Uranium is not a common element and even as late as 

1920 uranium metal was more or less a chemical curiosity. 
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Uraniam in orea, the moat important of which are pitchblende 
and carnotite ia invariably aaaociated with radium. Uraniam 
metal may be prepared by several methods, such as reduc- 
tion of uranium chloride nCl 4 with sodium or potassium, 
reduction of U sOg with charcoal or coke in an electric fur- 
nace, reduction of uranium di- and tri-oxide (UOg and UOg) 
by means of aluminium metal or by electrolysis of fused 
sodium-uranium chloride in an atmosphere of hydrogen. 
Commercial manufacture of uranium is comparatively of 
recent origin. Due to uranium metal being a by-product in 
the extraction of radium from ores and partly due to the 
great improvements in the thermite process of metal manu- 
facture metallic uranium is now easily available, and particu- 
larly in view of the fact that it is a radioactive element, the 
present investigation was undertaken. Pure uranium is 
white, but the metal frequently has a yellow colour due to 
the presence of sodium nitride. The metal prepared by 
electrolysis is deposited as small shining crystals. Other 
methods of preparation gives either a black powder or a 
white compact mass. Uranium metal used in the present in- 
vestigation was in the form of black dust and was evidently 
not very pure. 

Uranium has not given very encouraging results in 
Ullmann’s reaction but has proved highly satisfactory in 
Friedel-Craft’s, Reformatsky’s and Zincke’s reaction. The 
action of benzylchloride on benzene, anisol, phenetol, and 
hydroquinone dimethyl ether in presence of uranium has been 
successfully tried and the products insolated in good yield. 
Attempts have been made to isolate add study the higher 
products formed in these reactions, for instance, in the case 
of benzene and benzylchloride besides pure diphenylmethane 
isolated in 40% yield, sym.-triphenylethane. 


CgH*. CH. CgHg 


OH, CgHg 
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and 0 -and p-dibenzyl benzenes, and a trace of sulphur-yellow 
hydrocarbon m. p. 71° have been isolated. 0- and p-dibenzyl 
benzenes were almost simultaneously prepared for the first 
time by Zincke (Ber., 1873, 6, 119) and Baeyer (ifcid., p. 220) 
the former of whom obtained them by the action of zinc on 
a mixture of benzene and benzyl chloride and the latter by 
the condensation of methylal and benzene by means of sul- 
phuric acid. Zincke’s later work (Ber., 1876, 9, 31) led to 
their complete identification and of their oxidation products, 
the dibenzoyl benzenes. Radziewanowski’s surmise (Ber., 
1894, 27, 3237) that the dibenzyl benzenes are formed, not 
by the direct action of benzylchloride on benzene, but at the 
expense of diphenyl methane is correct as the yield of diben- 
zyl benzenes can be substantially improved only by replacing 
diphenyl methane for benzene in the Friedel-Craft’s reaction 
with benzyl chloride or by substantially decreasing the 
proportion of benzene to benzyl chloride. The action of 
henzyl chloride on benzene in presence of Iron pyrites has 
been carefully studied by Smythe (T., 1922, 1276) and the 
various products isolated and characterised. 

Uranium is, however, distinctly more basic in its ten- 
dencies than any other member of the 6th group of Periodic 
Table. Metallic chromium (J. Indian Ghent. Soc., 1928, 
5, 103), molybdenum and tungsten (unpublished results) all 
have been tried in organic synthesis in our laboratory. The 
successful results with chromium have been obtained with 
organic chlorine compounds in which the chlorine atoms are 
rather loosely attached in the molecule and are very reactive. 
Chromium, molybdenum, tungsten all the three cannot be 
used either in Reformatsky or Grignard’s reaction evidently 
on account of their much less basic character. In Ullmann’s 
reaction, requiring increased electropositive nature on the 
part of the metal used for removal of the halogen atoms 
chromium, molybdenum and tungsten all fail, while uranium 
is only feebly reactive. 



62 


THE ALLAHABAD DNlVERSITY STtJDIES 


Details of the successful experiments are given in the 
experimental part, while those of the unsuccessful attempts 
are omitted. 


Unsuccessful Attempts 


Types of Reaction 

Reactants 

Expected Product 

1. Ullmann’s 

Carbon tetra-ohloride 

Hexaohloroethane 

2. Friedel-Craft 

Chloroform and Benzene 

Triphenyl-rnethane 

3. 

Carbon tetrachloride 
and benzene 

Triphenyl chloro- 
methane 

4. 

Iodobenzene and aniline. 

Diphenyl amine. 

5 Gngnard’s ^ 

Uranium and bromo- 
benzene. 



EXPERIMENTAL 

Friedel and Craft’s Reaction with Uranium 
Powder 

1. Diphenyl from benzene and hromo-benzene. — Benzene 
(12 g.), bromo-benzene (8’59) and uranium dust (4 g.) were 
refluxed for 18 hours when a very feeble reaction took place. 
The yield of diphenyl isolated on fractionation was only 
0T9 g. m. p. 68°. 

2. Diphenyl from chlorobenzene and benzene. — Reaction 
was carried on as above. Yield of diphenyl from 4 g. of 
uranium, 12 g. of chlorobenzene, 18 g. of benzene was only 

0-2 g. 

3. Diphenyl from iodobenzene and benzene — Reaction 
was carried on as above. Yield of diphenyl from 12 g. of 
iodobenzene, 18 g. of benzene and 4 g. of uranium was only 
0*25 g. 
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4. Triphenylmethane from benzoyl chloride and benzene , — 
Benzene (30 g.), benzoyl chloride (12 g.) and uranium dust 
(4 g.) were refluxed together on a water-bath for 8 hours. 
The dark violet product was filtered from the metal and 
fractionated to remove benzene and unchanged benzal 
chloride. The solid residue left in the flask crystallised 
from alcohol in needles, m.p. 92° and was identified as 
triphenylmethane, yield 0*9 g. 

5. Triphenyl chloromethane and dichlorodiphenylme- 
thane from benzotrichloride and benzene , — Benzotrichloride 
(15 g.), benzene (50 g.) and uranium dust (3 g.) were heated 
in an oil-bath at 115—128° C. when after half an hour’s heat- 
ing a fairly vigorous reaction took place. After heating for 
8 hours to complete the reaction, the deep pink mixture was 
filtered, benzene removed by heating on the water-bath and 
then fractionated at 35 mm. and the fraction boiling at 
198 — 203° and redistilled at 200—202° was identified as 
dichlorodiphenylmethane (yield 4*2 g ) and the residue in 
the flask was crystallised from carbondisulphide and melted 
at 110 — 115° and was identified as triplienyl chloromethane, 
yield 1*2 g. 

6. Acetophenone from acetyl chloride and benzene*— 
Benzene (18 g.) acetyl chloride (12 g.) and uranium dust 
(3 g.) were refluxed in a water-bath for 6 hours when a 
moderately vigorous reaction took place. The product was 
treated with ice-cold hydrochloric acid and the resulting 
yellow oil extracted with benzene, washed repeatedly with 
water, dried with anhydrous calcium chloride and fraction- 
ated; the fraction at 185—210° (redistilled at 198 — 200°) 
was collected and identified as acetophenone, yield 
1 2 g. (6 3^). 

7. Benzophenone from benzoyl chloride and benzene*— A 
mixture of benzoyl chloride (11 g.), benzene (15 g.) and 
uranium dust (3*5 g.) was heated on the sand-bath under 
reflux, till the evolution of hydrogen chloride bad ceased 
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(8 hours). The mixture was then treated with ice-cold 
dilute hydrochloric acid and the benzene layer separated. 
It was washed with strong caustic-soda solution repeatedly 
and then with water, dried and fractionated at ordinary 
pressure. The pale yellow oil distilling at 295 — 310° solidi- 
fied on keeping for some hours and after crystallization from 
alcohol melted at 46° and was identified as benzophenone, 
yield 2 3 g. 

Ullmann’s Reaction with Uranium Powder 

1. Diphenyl from hromohemene. — Bromobenzene(lOg.) 
and uranium (8 g.) were refluxed at 170 — 180° for 20 hours. 
The product was filtered and fractionated when after removal 
of broraobenzene at 155 — 164° a very small amount of liquid 
distilled above 245° and solidified in the test tube used as a 
receiver. After crystallization from a little alcohol it melted 
at 67° 0. and was identified as diphenyl^ yield *3 g. 

2. Diphenyl from cA/oroimeme.— Chlorobenzene (lOg.) 
and uranium (7 g.) were refluxed at 150 — 160° for 20 hours 
and the product isolated as in the preceding case. Yield of 
diphenyl was *2 g. 

3. Diphenyl from iodobenzene, — ^lodobenzene (10 g.) 
and uranium (6 g.) were refluxed at 170 — 190° for 20 hours 
and the product isolated as in the preceding cases. Yield of 
diphenyl was *4 g. 

4. Diethyl succinate from ethyl bromo-acetate* — A mix- 
ture of ethyl bromo-acetate (10 g.), ethyl acetate (10 g.) and 
uranium powder (3 g.) was refluxed at 1 10 — 120° for 15 hours 
and the product filtered, washed, dried and fractionated. 
The fraction at 200 — 220° (redistilled at 216 — 218°) was 
identified as diethyl succinate, yield 1*4 g. 

5. Adipic acid ff^om s-iodopropionic acid* — When 
6-iodopropionie acid (10 g.) was heated with uranium (7 g.) 
first at 100° for 2 hours and then at 160 — 165° for 8 hours 
a little iodine was liberated. The product was extracted 
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with hot water, filtered, and the filtrate on concentration 
gave adi'pic acid crystals m. p. 148^ yield 1*2 g. 

6. Diphenyl ether from phenol and hromohenzene, — A 
mixture of pure anhydrous phenol (10 g.) , bromobenzene 
(17 g.), uranium dust (3 g.) and freshly-heated anhydrous 
potassium carbonate ('8 g.) was refluxed at 180 — 200° for 
12 hours. The filtered product was steam-distilled and the 
distillate extracted with ether. The ether extract was 
w’ashed with dilute caustic soda and then with water, dried 
over calcium chloride and fractionated. The fraction at 
240 — 260° (redistilled at 253 — 254°) was identified as 
diphenyl ether, yield 2*9 g. 

7. Succinic acid from sodium chloracetate and anhy- 
drous sodium acetate - — A mixture of sodium acetate (12 g ), 
anhydrous sodium acetate (8 g.) and uranium (3 g.) when 
heated at 110-120° for 1 hour gave a very vigorous reaction. 
The product was extracted with water and ammonia added in 
slight excess to precipitate uranium hydroxide, if any. The 
boiled and neutral filtrate was treated in the cold with neutral 
ferric chloride when ferric succinate was precipitated. This 
was filtered, washed with water thoroughly and decomposed 
by hydrogen sulphide. The filtrate from lead sulphide was 
evaporated to dryness on water-bath and extracted with 
ether. The ethereal extract on complete evaporation gave 
1‘5 g of crystalline succinic acid m.p. 185°. 


Zincke’s Reaction with Uranium Powder 

1. Diphenyl methane and its higher homologues from 
henzylchloride and benzene.— K mixture of benzylchloride 
(30 g.), benzene (80 g.) dried over sodium and uranium dust 
(4 g.) was slowly heated in an oil-bath up to 80° when a very 
vigorous reaction took place and torrents of hydrogen 
chloride were evolved. After the first vigorous reaction had 
subsided, the mixture was heated at 100 — 110° for 4 hours* 
s. 9 
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The pink mixture was filtered from the metal and washed 
first with caustic soda and then with water. After dehydrat- 
ing^ over anhydrous calcium chloride excess of benzene was 
removed on the water-bath and then fractionated first at 
ordinary pressure. The fraction between 250—280° was 
redistilled thrice and finally the portion distilling at 258 — 261° 
was collected and identified as diphenyl methane* It was a 
non-fluorescent colourless liquid having an orange-like smell 
and solidified on keeping in ice in thin radiating needles, 
melting at 26° (melting point of pure diphenylmethane is 26*5 
in literature and 28° by J. A. Smythe (T., 1922, 121, 1276) 
and gave on oxidation with alkaline permanganate benzo- 
phenone m.p. 47°C. (Pound : 0 = 92*34, H = 7*39 per cent. 
Ci» Hi 2 requires 0 = 92*85, H = 7‘14 per cent.) 

The thick residual oil in the distilling flask was then 
fractionated under reduced pressure (14 m.m.) to avoid 
decomposition and the first fraction distilling from 210 — 260° 
and the second from 260—360° were collected and then there 
was left a highly coloured and exceedingly viscous liquid 
which set to a hard, gun-like mass on cooling but softened 
and fused again on gentle warming. The first fraction had a 
violet fluorescence and on keeping overnight became semi- 
solid due to the separation of considerable quantity of white 
crystalline mass which after removal of the oily portion by 
spreading on porous plate melted at 50—70°. By repeated 
crystallisation from alcohol, acetone, and benzene in succes- 
sion it was separated into two constituents, one consisting 
of the more soluble fraction melting at 81 — 84°C and the 
other melting at 53 — 54°. That melting at 53 — 54° boiled at 
396—400° at ordinary pressure and was identified as sym. 
triphenyletkane, (Found: 0 = 92*75, H = 7’12, H,8 re- 

quires 0 = 93*02, H = 6’98 per cent.) and that melting at 
81 — 84° was found to be mixture of ortho and para dibenzyl 
benzenes and aer the quantity of the mixture was only 4*9 g. 
the complete separation of the two isomers was not possible. 
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A small amount of sulphur-yellow hydrocarbon which on 
recrystallisation from alcohol melted at 71° was also obtained 
(see loc. cit. T., 1922, 121, 1278.) Yield of diphenylmethane 
was 18'4 g.(i.e., 40% of the theoretical), Sym. triphenylethane 
(3 g.) and dibenzyl benzene (4'9 g.) and that of yellow 
hydrocarbon (’1 g.) ; about 5 gm. of deep brown viscous 
residue being left in the distilling flask. The oils which 
accompany the crystalline hydrocarbons and were removed 
partly by spreading the product from original distillation 
fractions and partly separated out in the process of crystalli- 
sation from alcoholic solutions, resisted all attempts at 
crystallisation and weighed 3 gms. - 

Phenetolyl phenylmethane from phenetol and 
benzylchloride 

A mixture of phenetol (20'4 g.), benzyl chloride (18*0 g.) 
and uranium dust (3‘5 g.) was gradually heated in an oil- 
bath. A very vigorous reaction commenced at 70° and was 
completed by heating for 2 hours at 130° after the first vigor- 
ous reaction had subsided. The pink product having an 
intense violet fluorescence was extracted with benzene, 
filtered, and the filtrate washed with caustic soda and 
water. The alkaline washings gave nothing on acidifi- 
cation and extraction with ether, showing that no deme* 
thylation had taken place during the course of the 
reaction as in the reactions with alkyl ethers of phenolic 
compounds in presence of anhydrous AIGI3. The well- 
washed benzene layer was dried over calcium chloride and 
fractionally distilled, the fractions above 300° being collected. 
(I) 305—315°, (II) 315—345°, (III) 345—370° temperature 
rose very quickly, (IV) a deep-red liquid was left in the 
distilling flask (5 gms.). The fractions (I) and (II) were 
combined and redistilled, the fraction distilling at 330 — 345° 
(redistilled at 338—341°) was identified as p-ethoxy-diphenyl- 
methane (yield 24'2 g., t.c., 80% of the theoretical)., (Found: 
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C=84‘64, H = 7‘64, Ui* H.e 0 requires 0 = 84'92, H = 
7‘55^.) The residue left in the flask was an exceeding 
thick liquid and nothing definite and crystalline could be 
obtained from it. 

Anisoyl phenylmethane from anisol and 
benzylchloride 

A mixture of anisol (22 g.), benzylchloride (21 g.), and 
uranium dust (3 g.) was gradually heated in an oil-bath 
op to 70° when a very vigorous reaction took place and after 
it had subsided the mixture was heated at 120 — 130° for 
3 hours. The pink reaction product having an intense 
violet fluorescence was extracted with hot benzene and 
filtered and the filtrate treated first with 5 % caustic soda 
and then with water. The alkaline washing gave nothing 
after acidification and extraction with ether. The well- 
washed benzene layer was separated, dried over calcium 
chloride and fractionated at ordinary pressure, the 
fractions distilling above 290° collected : (I) 290 — 315°, 

(II) 315—370°, (III) 370-380°. 

Fraction (l) (redistilled at 303 — 305°) was identified to 
be anisoyl phenylmethane, i.e., p-methoxy diphenylmethane 
(yield 17'4g., i.e.,b2'9%){cf. Rennie, J.O.S., Vol. 41, 1882, 
32, 227) (Found: C = 84’41, H = 7’12, C 14 H 14 0 requires 
C = 84'84^, H = 707^) and the fraction distilling at 
370 — 380° was redistilled when most of distilled at 376—382° 
and was a very thick liquid with very intense greenish 
blue fluorescence. (Found: C = 86'2, H = 7'12, C 21 H 81 O 
requires C = 87‘5, H = 7'10.) It must be dibenzylanisol 
(yield 6*9 g.). 

Reformatski’s Reaction with Uranium Powder 

A mixture of acetophenone (12 g.) dried over metallic 
sodium, bromacetic ester (17 g.), uranium dust (35 g.) and 
dry benzene (70 c.c.) dried over sodium was gently warmed 
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on the bath water when a feeble reaction took place* After 
addition of a crystal of iodine the mixture was reflnxed in 
an oil-bath at 120 — 130° for 10 hours, by then the metal 
had become a pasty mass. After cooling, ice-cold dilute 
hydrochloric acid was added to ! decompose the complex 
compound, the benzene layer separated, washed with dilate 
caustic soda and with water, dried over calcium chloride, 
and then fractionally distilled under highly reduced 
pressure. The fractionat 112 — 130°I(redistilled at 118 — 121°) 
was identified as P-phenyl-mothyl-hydroxy-propionic ester 
(yield 2 4 g*). 




A YELLOW COLOURING MATTER PROM THE 
WOOD OF ADINA CORDIFOLIA, HOOK 


BY 

JAQRAJ BBHARl LAL AND SIKHIBHUSHAN DUTT 
Chemical Laboratory, Allahabad Vnivereity. 

Adina Cordifolia (Hook) which is known as Keli- 
kadam in Bengali and Haldu in Hindustani, is a large 
deciduous tree which is found to be fairly well distributed 
throughout the whole of Northern India as well as Bengal, 
Assam and Burma. In most of the forests it grows 
profusely and very often it is planted as a road’side or 
avenue tree. The wood is very even-grained* moderately 
hard, lemon-yellow'in colour when freshly cut but turning 
yellowish grey on exposure and weighs 45 pounds per cubic 
foot. It is suitable for furniture making and in Northern 
India combs are made out of this wood as well as toys and 
drums. The colouring matter of this wood is very easily 
removed by extraction with boiling water or organic solvents 
and as no work seems to have been done before on this 
subject, so the present investigation was undertaken with a 
view to isolation of the colouring matter in a pure state 
and elucidation of its constitution. The results of examina- 
tion have been recorded in the experimental part of the 
paper. 


EXPERIMENTAL 

A big log of the authentic specimen of the wood was 
procured from Messrs. BhupatLal and Sons, Wood Merchants, 
Allahabad, and was converted into sliavings. For exhaustive 
extraction with different solvents, the coarsely powdered 
shavings were taken in 20 gram lots in a Soxhlet’s extractor, 
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and after filtration, the solyent vras evaporated in each 
case and the residue brought to a constant weight by heating 
in a steam oven. The following results were obtained : 

Aqueous extract. — (5' 18^.) The extract was bright 
yellow at first, but during the course of heating in the steam 
oven, it gradually became brown. Microscopic examination 
revealed the presence of colourless crystals of calcium 
oxalate and the substance gave strong reactions of tannins 
and sugars. No essential or fixed oil could be detected. 

Chloroform extract — (*02^.) The substance was a 

pale yellow wax. 

Petroleum ether extract. — (‘03^.) This was practically 
identical with the chloroform extract. 

Acetone extract. — (3’67^.) It was a light yellow semi- 
solid substance with colourless crystals of calcium oxalate 
disseminated throughout the entire mass. In general pro- 
perties it was quite similar to the alcoholic extract. 

Alcoholic extract. — (6'88%^.) It is an orange-yellow 
semi-solid mass with a characteristic smell of the wood and a 
slight astringent taste. It gives a green coloration with 
neutral alcoholic ferric chloride, a pale yellow precipitate with 
alcoholic lead acetate and an intense yellow coloration with 
concentrated sulphuric acid. Caustic alkalies yield a yellowish 
brown coloration which darkens on exposure to the air. 
The substance reduces Fehling’s solution and ammoniacal 
silver nitrate and gives negative tests with alkaloid reagents. 
Calcium oxalate is present in the substance in fairly large 
quantities and can be easily isolated. 

Isolation of adinin . — One kilo of small shavings of the 
wood was repeatedly extracted with 95 % alcohol in a 5 litre 
extraction flask until the extract was practically colourless. 
The combined orange-yellow extracts were distilled at the 
ordinary pressure until practically the whole of solvent had 
distilled over and the residue began to froth vigorously. It 
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was then allowed to stand for a week at the end of which 
large amount of crystalline matter separated out in the form 
of yellow nodules. This was filtered off washed with small 
quantities of alcohol and dried in the steam oven. The 
substance was then freed from waxy impurities by extraction 
with hot benzene and the purified material thus obtained 
was recrystallised several times from hot alcohol. The pure 
substance crystallises from alcohol in long, fine, glistening 
needles with a golden yellow colour and from glacial acetic 
acid in small bright yellow prisms. This substance on slow 
and careful crystallization is obtained from alcohol in the 
form of glistening needles often as long as one cm. The 
substance on heating darkens in colour at 195 — 196° 
becoming orange-red, shrinks at 200° and above that 
temperature gradually darkens and decomposes without 
melting. The substance is practically insoluble in cold 
and only slightly soluble in boiling water, and undergoes 
decomposition on protracted boiling. It is insoluble in 
chloroform, carbon tetrachloride, benzene, ether, petroleum 
ether and carbon disulphide. It is slightly soluble in cold 
and moderately soluble in hot alcohol, acetone and glacial 
i^cetic acid. It dissolves readily in solutions of alkali 
hydroxides but less readily in alkali carbonates and bicarbo- 
nates, forming light yellow solutions, from which the colouring 
matter is reprecipitated unchanged on acidification. Thefsub- 
stance although neutral in reaction, dissolves in concentrated 
mineral acids like hydrochloric, hydrobromic, hydroiodic, 
nitric and sulphuric acids, forming bright yellow solutions, 
the colours of which are much more intense than that of 
the corresponding concentration of the colouring matter in 
alcoholic solution. Alcoholic solution of the substance gives 
no precipitate or coloration with alcoholic ferric chloride, lead 
acetate, calcium chloride, or silver nitrate. The substance 
does not reduce Fehling’s solution either before or after 
boiling with concentrated hydrochloric acid, thereby showing 
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its non-glacosidal nature. The substance in alcoholic hydro- 
chloric acid on treatment with metallic magnesium becomes 
reduced to a colourless substance, thereby showing that it is 
not a colouring matter belonging to the flavone group which 
by this treatment would have been reduced to a red or violet 
coloured davylium salt. The alcoholic solution of the 
substance shows a bright green fluorescence which becomes 
more intense in ultra-violet light, in which also the substance 
dissolved in concentrated sulphuric acid shows a violet 
fluorescence and its solution in phenol a greenish blue fluores- 
cence. These apparently point to the presence of an anthra- 
quinone, a xanthone or an isoflavone nucleus in the molecule. 
The absence of an anthraquinone nucleus was proved by the 
fact that on treatment with zinc dust and ammonia it did not 
give any red, blue or violet coloration, but became altogether 
colourless. In alcoholic solution it is optically inactive. 
From 10 kilos of the shavings 9'1 grams of the pure 
substance were isolated (yield '09 %)• Found in specimen 
dried at 120° C = 60’58, 60-28, 60-50; 60-32^; H = 4*63, 
4-83, 4-51, 4’64^. M. W., (Cryoscopically in phenol) 299, 
293, 290; Cie H14 0? requires C— 60-4; H = 4-4i^, 
M. W* 318. (Found in specimen dried in vacuum 
desiccator for 10 days : C = 56’56, 56-83 ; H = 4-83^ ; 
4-85^; Ci 8 Hi 4 07,H20 requires C = 57-1^ H = 4-8^. 
The air-dried substance lost 16-2, 15-9, 16*3% of H^O 
at 120° and 9-8, 9*6^ of H2O in the vacuum desiccator in 
the course of 10 days. Cig Hi 4 Or, SHgO requires for 
loss of 2H2O 9 ' 67 ^ and for loss of iHiO 16 6^.) 

It is clear from the analytical data that the substance 
crystallizes from 95^ alcohol with three molecules of 
water of crystallizes of which it loses two in the vacuum 
desiccator and all the three at 120°. No compound of 
this formula and possessing properties identical with it 
has been recorded in chemical literature. It is, therefore, 
proposed to designate this new compound “adinin”, with 
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reference to its properties as a colooring matter and 
the generic name of the plant from which it has been 
isolated. 

Demethylation of Adinin . — A carefully weighed amount 
of adinin dried at 120° was heated with freshly distilled 
hydriodic and (S. G. 1*72) in accordance with the method 
of Zeisel for the estimation of methoxy groups. The 
precipitated silver iodide was filtered off, washed with 
dilute nitric acid, dried at 120° and weighed. (Found; 
— OCH8 = 10T, 9‘9% ; Cis HnOe-OCHs requires 
-OCH* 9-74^.) 

Noradinin - — The collective product from the action 
of hydriodic acid, which was evidently present in the 
form of an oxonium salt, was poured into sodium hydrogen 
sulphite solution, the yellow precipitate collected* It 
crystallizes from boiling glacial acetic acid in the form 
of yellow needles which shrink at 21.S*214° and decompose 
above 232° without melting. It is practically insoluble 
in cold or hot water, alcohol, acetone, benzene, ether, 
chloroform and petroleum ether, and is fairly soluble in 
hot acetic acid. Alcoholic ferric chloride gives a dirty 
greenish grey colour with the alcoholic solution of the 
substance and alcoholic lead acetate throws down a pale 
yellow precipitate. Noradinin has not yet been obtained 
in sufficient quantity for combustion. 

Adinin Hydrobromide . — "5 gram of adinin dried at 120° 
was treated with the minimum quantity of concentrated 
hydrobromic acid (S. G. 1'78), sufficient to dissolve it. 
The substance dissolved immediately forming an intense 
yellow solution and the clock glass containing it was kept 
in a vacuum desiccator containing granulated solid caustic 
potash for a number of days. The product when completely 
dry was washed with dry ether and finally dried in the 
vacuum desiccator. The hydrobromide was thus obtained 
in the form of bright orange-yellow needles which shrink 
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at 159-160® and decomposed above 200® without melting. 
(Found: Br 22'6^;Cie H 14 O 7 H.Br requires Br = 20’05^.) 

Ammonium salt of adinin . — ^This was obtained by 
dissolving ‘5 gram of adinin in the smallest quantity of 
pure concentrated ammonia and allowing the solution to 
evaporate at the ordinary temperature in a desiccator over 
concentrated sulphuric acid for several days. The salt 
was obtained as orange-yellow crusts which shrink at 
104-105°, completely melt at 130°, solidify and again melt 
at 202-203® with frothing. On exposure to air it gradually 
loses ammonia and becomes converted into a mixture of 
adinin and the ammonium salt of varying composition. The 
substance could not be obtained in a state of sufficient purity 
for analysis. 

Absorption spectra of adinin . — A one per cent solution 
of adinin in alcohol on spectrographic examination was 
found to have a well-dehned absorption band between 
wave length 4250 to 4650, with the head of the band or 
absorption maxima at wave length 4590 A. U. Further 
work on the subject is already in progress* 

One of us (J. B. L.) wishes to express his indebtedness 
to the Kanta Prasad Research Trust of the Allahabad 
University for a scholarship which enabled him to undertake 
this investigation. 



CHEMICAL EXAMINATION OF GLYCOSMIS 
PENTAPHYLLA AND THE CONSTITUTION 
AND SYNTHESIS OF ITS ACTIVE 
PRINCIPLE 

BY 

SIKHIBHUSHAN DUTT 
Chemical Laboratory^ Allahabad University 

Glycosmis Pentaphylla or Limonia Pentaphylla is a 
common road-side shrub found everywhere in eastern Ben- 
gal. Its Sanskrit equivalents are: ^^and and in 

Bengali it is commonly known as Ashseora or Matkhila. Its 
stems are largely used as tooth-brush in eastern Bengal on 
account of their fibrous nature and slightly astringent bitter 
taste. Its constant use not only makes the teeth clean but 
also prolongs their durability. In well-known books on 
Indian medicinal plants like The Indian Medicinal Plants 
by Kirtikar and Basu or The Pharmacograyhica Indica 
by Dymock, the plant is not mentioned along with other 
medicinal plants of India probably on account of the fact 
that the plant is practically localised in the eastern part of 
Bengal, but some of its medicinal properties are well known 
even to illiterate women of that country. The bitter juice 
of the leaves of this plant is very widely used by them for 
fever, liver complaints and intestinal worms, particularly in 
the case of children. Occasionally the stem and the root 
of this plant are used on ulcers with good results. The 
leaves of this plant are good antidotes for eczema and other 
skin diseases. Its leaves made into a paste with a bit of 
ginger are applied over the affected part of the skin, and 
sometimes the paste of the leaves alone is applied over tlie 
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navel for worms and for disorders of the bowels. The 
different Sanskrit names of the plant as also some of its 
important medicinal properties as given in the famous 
Kaviraji book compiled by Madan Pala are as follows : 

which means that the plant known as and also ^Msunstl?: 
is an antidote for wind, cough, rheumatism, worms, anemia, 
fever and jaundice. 

On account of the fact that the plant has not been 
described yet in any important book on Indian plants, a 
short description of it has been thought to be appropriate 
and is given below : 


DESCRIPTION OF THE PLANT 
Plant— shrub. Natural Order— Rutaceae. Root — tap 

root. 

Stem — woody, rounded. Leaves — compound extipulatei 
imparipinnate. 

Leaflets alternate, generally 5 in number, venation pin- 
nately reticulated. Margin finely serrated, apex acute, shape 
elliptical, surface smooth on both sides, upper side deep 
green in colour, under side somewhat lighter. Inflorescence — 
both axillary and terminal pubescent panicle. Flower— small 
white with pubescent bracteoles, bisexual/ regular, complete. 
Calyx — polysepalous, sepals five, inferion, broad at the base 
but pointed at the apex, hairy. Corolla— polypetallous, petals 
five, hypogynous, white and gland dotted, imbrecated in bud. 
Andrcecium — stamens free, inserted round the disk, hypogyn- 
ous, filaments stout at the middle, another with an apical 
gland. Gynmcium — syncarpous, superior, covered with glands. 
Ovary — five-celled with one ovule in each cell, style short. 


EXAMINATION OF GLYCOSMIS PENTAPHYLLA 


69 


stigma simple. Fruit — a fleshy berry, colour reddish when 
ripe, fleshy mesocarp sweet to taste, only one seed is found 
to develop. Habitat — sparsely throughout tropical and sub- 
tropical Himalaya, Upper Assam, Travancore, Malay Archi- 
pelago, China, Philippine Island, Borneo, Australia and 
abundantly throughout Eastern Bengal. 

On account of the great importance of the plant from the 
point of view of Indian medicine and particularly because 
no work has been done on it up to this time, the present 
investigation was undertaken with a view to subject the plant 
to a systematic chemical examination, As the result of 
that investigation it has now been found that the active 
principle “glycosrain’’ is present throughout the entire 
plant in traces only, its greatest concentration being found 
in the new leaves and buds to the extent of while in 

mature leaves and soft steins, the percentage varies from 
•08to*l^. Along with glycosmin the active principle, a 
tannin, a phlobaphene, traces of salicin, and about 2 ' 1 % of 
sugars (both reducing and non-reducing) have been found 
to be present in the leaves. 

G-lycosmin on further examination was found to decom- 
pose very easily into veratric acid and salicyl-aldehyde on 
treatment with acid permanganate, and this together with 
the fact that it gave all the reactions of a glucoside led the 
present author to surmise that probably the substance was 
a veratroyl derivative of salicin, which was found to be 
quite correct, since on boiling it with saturated baryta, it 
was resolved into salicin and veratric acid. This was 
further confirmed by the synthesis of the substance by the 
action of veratroyl chloride on salicin in pyridin solution. 
The veratroyl-salicin thus obtained was identical in all 
respects with glycosmin, and the mixed melting point was 
also the same as that of either of the substances taken sepa- 
rately. Glycosmin therefore is quite analogous to populin 
isolated from poplar buds and which is the benzoyl derivative 
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of salicin. Although poplar (N : 0. Salicacese) belongs 
to quite a diflferent natural order of plants than Glycosmis 
Pentaphylla, yet it is quite interesting to see that the buds 
and leaves of both contain quite analogous products. Another 
very interesting case of such similar products occurring in 
nature is afforded by the well-known aconite plant. Thus 
of the two types of aconite growing in Nepal, Aconitum 
Napellus contains aconitine which is the acetyl-benzoyl 
derivative of aconine, whereas Aconitum Spicatum contains 
bikhaconitine, which is acetyl-veratroyl derivative of aconine. 


EXPERIMENTAL 

Isolation of Glycosmin * — Buds and young leaves of the 
plant were collected from the Mymensingh district of Eastern 
Bengal during July, and carefully dried in the shade. Some 
complete plants were also collected for systematic examina- 
tion. For the extraction of glycosmin, the leaves and buds 
were further dried at 80®C for a period of five hours. Two 
kilos of dried and coarsely powdered buds and young leaves 
were then repeatedly extracted with boiling benzene in a 
large extraction flask until the chlorophyll and wax were 
completely removed. The residue was then exhaustively 
extracted with alcohol and from the extract the solvent was 
removed by distillation. From the light brown syrup thus 
obtained a small amount of oily impurities were removed by 
extraction with petroleum ether. The syrup on subsequent 
standing for about a week, deposited a quantity of crystalline 
matter which was removed by thinning the liquid with 
chloroform and filtering. The substance thus obtained was 
crystallised from ehtyl acetate, alcohol, and 50% acetic acid 
in succession and finally once more from absolute alcohol. 
The substance crystallises from all these solvents in large 
colourless plates containing varying amounts of solvent of 
crystallisation. On quickly cooling concentrated a solution 
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of the substance in various solvents, a transparent jelly 
is obtained. From all these the solvent of crystallisation 
is easily removed by first drying the substance in the 
air and then in the vacuum desiccator. It melts at 169^ 
(Found: C = 58*4, H = 6*l ; Cas^HjeOio requires 0 = 58*66, 
H = 5‘77^.) The substance is only slightly soluble in 
water and can be crystallised from large quantities of this 
solvent in the same form as from organic liquids. 

Isolation of salicin . — The mother liquor after the isola- 
tion of glycosmin, was freed from chloroform and dissolved 
in alcohol. Alcoholic lead acetate was then added until the 
dirty yellow precipitate no longer formed. The precipitate 
was filtered off and to the filtrate alcoholic lead subacetate 
was next added. This caused the immediate precipitation 
of a bright yellow crystalline precipitate which was also 
filtered off. From the first lead precipitate on subsequent 
decomposition with hydrogen sulphide an impure tannin was 
obtained and from the second lead precipitate a phlobaphene 
melting between 156 — 172° was derived in the same manner. 
The alcoholic mother liquor after the removal of the lead 
lakes was freed from lead by passing hydrogen sulphide, and 
after filtration of the lead sulphide, the filtrate was concen- 
trated to a small volume and allowed to stand, when a 
further crop of glycosmin crystallised out. On adding 
water to the mother liquor, a white precipitate was 
obtained which on crystallisation from boiling water was 
obtained in glistening white flakes melting at 201° and 
was identified to be salicin The quantity obtained was 
extremely small, being only about *02^ h\ weight of the 
dry leaves. 

Properties of Glycosmin , — Unlike salicin which is very 
bitter, glycosmin has only a slightly bitter taste which 
becomes only apparent after keeping the substance on the 
tongue for some time. Unlike salicin also in concentrated 
sulphuric acid it dissolves at first to a colourless solution 
S. 10 
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which gradually assumes a brownish red colour. In strong 
nitric acid it dissolves to a bright yellow colour. The sub- 
stance does not reduce Fehling s solution or Tollen’s reagent, 
but both these reagents are rapidly reduced on hydrolysis. 
On warming the substance with a dilute solution of potassium 
permanganate acidified with sulphuric acid, a strong odour 
of salicyladehyde is evolved. The substance is optically 
active, a 5^ alcoholic solution* showing a Imvorotation of 

[a]2*^= + 35°. 

Decomposition of glycosmin with barium hydrate. — 2g. 
of glycosmin were boiled under reflux with 200 c.c. of a 
saturated solution of barium hydrate in water for two hours. 
The substance gradually went into solution and the clear 
liquid on cooling deposited glistening white flakes melting at 
201° and which were identified to be salicin. The mother 
liquor on acidification with dilute hydrochloric acid yielded 
a heavy white precipitate which on crystallisation from 
aqueous alcohol was obtained in the form of glistening 
needles melting at 179° and was identified to be veratric 
acid. 

Synthesis of veratroyhsalicin and Us identification with 
glycosmin, — 25 g. of veratroyl chloride were gradually added 
to 20 g. of salicin dissolved in 100 c.c. of pyridine at the 
ordinary temperature. Each addition produced a consider- 
able rise of temperature and the mixture was cooled in cold 
water before the next addition. After all the veratroyl 
chloride had been added, the mixture was heated in the water- 
bath for about an hour and then poured into about 500 c.c. 
of cold water. The resulting white precipitate was filtered 
off, washed with very dilute sodium hydroxide (to remove 
any unchanged veratric acid and also salicin) and water and 
finally crystallised repeatedly from 90^ alcohol. The 
substance was thus obtained in glistening colourless plates 
which on drying first in the air and finally in the vacuum 
desiccator melted at 169° and the melting point was not 
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lowered on admixture with glycosmin in varying proportions* 
It bad all the properties of glycosmin and in fact both the 
substances were absolutely identical with one another. 
(Found: 0 — 58‘3, H = 60; CttH 2 eOio requires C = 58’6, 
H = 5-7^.) 

The Author wishes to express his indebtedness to Prof. 
Hemendra Kumar Bhattacharya, M.A., Professor of Botany, 
Ananda Mobon College, Mymensingh, for supplying him 
valuable information, both botanical and medicinal, with 
regard to the plant. 
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BY 

VISHWA NATH SHARMA AND S1KH1BHU8HAN DUTT 
Ghemioal Laboratory^ Allahabad University 

In continuation of the work on synthetic use of rarer 
metals published from this laboratory (Ray and Dutt, Jour. 
Ind. Chem. Soc,, 1928, V, 103; Chakrabarty and Dutt, Ibid,, 
1928, V, 517; Lai and Dutt, Ibid., 1932, IX, 565; Gaind 
and Dutt, Allahabad University Studies, 1933, 291 : Lai and 
Dutt, Jour. Ind* (Jhem- Soc.\ 1935, XI, — ) the metal titanium 
has now been used for the first time in organic synthesis, since 
it is now commercially available. The present investigation 
embodies the results of successful experiments with the metal 
while the record of unsuccessful attempts has been avoided 
for the sake of abbreviation. 

As the result of the above investigation it has been 
found that metallic titanium plays a purely catalytic part in 
the Zincke’s and Friedel and Craft’s reactions that have been 
carried out with the metal, since the yields of the reaction 
products were found to be independent of the amount of 
metal used in the reactions. Also a very small amount of the 
metal was required to start the reaction in most of the reac- 
tions. Zincke’s reaction gave the most satisfactory result with 
metallic titanium and the yields obtained in this case were 
consequently the highest. Ullmann’s reaction with metallic 
titanium was far less satisfactory, and also as in the case of 
metallic chromium (Chakrabarty and Dutt, loc. cit.). Titanium 
also reacted only in those cases where the halogen atom was 
loosely attached to the organic molecule. Titanium as a 
ueutral reducing agent, was also not much of a success. In 
comparison with the other metals that have been worked up 
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in this laboratory, it has been found that titanium is only 
slightly more reactive than chromium, but far less reactive 
than aluminum, thorium or cerium. 

EXPERIMENTAL 

Zincke’s reactions with metallic titanium 

Action of benzyl'Chloride on benzene* — A mixture of dry 
benzene (50 g.), benzyl-chloride (24 g.) and titanium (4*5 g.) 
was refluxed on the water-bath for 10 hours. The reaction 
began after 2^ hours and copious hydrogen chloride was 
evolved during the rest of the period. The filtered product 
was fractionated at the ordinary and also reduced pressure 
and three fractions, (a) at 200 — 2707755mm., (b) at 200 
—'250750mm., and (c)at 250— 3607l0mm. Fraction (a), re- 
distilled at 258 — 262° on keeping in a refrigerator, solidified 
to a mass of radiating needles melting at 25-26° and was 
identified to be di'phenylmethane* (Yield 9*8 g.) 

Fraction (b) on standing for a few days in the refri- 
gerator, deposited a mass of crystalline matter which on 
recrystallisation from acetic acid melted at 57° and was iden- 
tified to be sym-triphenyleihane. (Yield 4*2 g.) The mother 
liquor from the above on dilution with alcohol and allowing 
to stand for several days deposited another crop of crystals 
melting at 67-68° which were identified to be o-dibenzyl- 
benzene, (Yield 0*5 g.) The alcoholic mother liquor from the 
above on evaporation gave a viscid product from which 
nothing definite could be isolated. 

Fraction (c) was found to be a complex condensation 
product of indefinite constitution containing chlorine. 

Action of benzyl’Chloride on naphthalene. — A mixture of 
benzyl-chloride (30 g.), naphthalene (42 g.) and titanium 
powder (5 g.) was heated on the water-bath for 8 hours. 
The product was extracted with benzene, filtered and the 
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filtrate fractionated at the ordinary pressure. Four 
fractions were collected, viz., (a) up to 250“, (b) 250 — 820®, 
(e) 320—370® and (d) above 370®. 

Fraction (a) was mainly benzyl-chloride and fraction (b) 
mainly naphthalene. Fraction (o) was freed from traces of 
naphthalene by steam distillation and again fractionated, 
when the greater portion of it came over at 340 — 355®, and a 
small portion at 300 — 320°. Both these fractions solidified on 
standing and the small fraction on recrystallisation from hot 
alcohol melted at 39-40®, and was identified to be ^-benzyl- 
naphthalene. The greater fraction was crystallised from 
methyl alcohol in rhombic plates melting at 57-58° and was 
identified to be a-benzyl-naphthalene. Both these substances 
on treatment with nitric acid yielded the corresponding 
phenyl-naphthyl-ketone, the alpha compound melting at 72- 
73° and the beta compound at 79-80°. The yield of o-benzyl- 
naphthalene was 18 g. and that of P-benzy 1-naphthalene 
was 10 g. 

Action of benzyl-chloride on diphenyl. — A mixture of 
benzyl-chloride (18 g.), diphenyl (25 g.) and titanium powder 
(5 g.) was refiuxed on the oil-bath at 120—130° for 10 hours. 
The product was extracted with benzene filtered and the 
filtrate fractionated at 10 mm. Four fractions were collected, 
viz., (a) up to 100°, (b) 100—200®, (c) 200—250° and (ci) 250— 
360°. Fraction (a) was mainly benzyl-chloride and diphenyl. 
Fraction (b) was redistilled and the distillate collected at 
150 — 200®/10 mm. was mixed with fraction (c) and distilled 
once again. The fraction collected at 174 — 180°/] 0 mm. was 
a colourless oil which quickly solidified and on crystallisation 
from acetic acid was obtained in long glistening white needles 
melting at 44-45°. On oxidation with chromic acid in 
glacial acetic acid, the substance was converted into iere- 
phthalic acid and this together with the fact that on analysis 
it was found to have a formula CigHig confirmed the 
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substance to be ^•benzyUdiphenyL No other substance could 
be isolated from the mother liquors or from the fraction (d), 
which remained as a non-crystallisable syrup- All the sub- 
stances isolated in course of this experiment had very strong 
doral odours. (Found: C=93*4, H = 6*65; (J 19 H 16 

requires C = 93'44, H = 6*56^.) The yield of p-benzyl- 
diphenyl was 12*4 grams. 

Action of benzyl-chloride on quinoUdimethyl ether. — A 
mixture of benzyl-chloride (15), quinol-dimethyl ether (25) 
and titanium powder (4) was refluxed at 130 — 140° for 8 
hours. The product was treated with dilute caustic soda so 
as to dissolve any dimethylated product and then extracted 
with benzene. After evaporation of the solvent, the product 
was fractionated at the ordinary pressure and resolved into 
live fractions: (a) below 200°, ( 6 ) 200 — 280®, (c) 280 — 320°, 
(d) 320 — 360° and {e) above 360°. Fraction {a) was mainly 
moisture and benzyl-chloride, fraction ( 6 ) was quinol-dimethyl 
ether, fraction ( 0 ) was a yellow oil changing to deep red on 
keeping, fraction (d) was a red oil and fraction {e) was a 
dark red jelly. Fraction (c) on standing for about two 
months gave out a small amount of a pale yellow crystalline 
substance melting at 104-105°. This product was not noticed 
by previous workers and was probably di-benzyl-quinol-dime- 
thyl ether, but this could not he confirmed on account of 
the poor yield. Fraction (d), redistilled at 350—360°, 
was found to be pure henzyl-quinoUdim ethyl ether. (Yield 
23*5 g.) 

Action of benzyl-chloride on anisol — This reaction was 
brought about in the same way as the one mentioned above. 
The product on fractionation above 290° yielded three frac- 
tions, viz>^ (a) at 290—315°, ( 6 ) at 315 — 345° and (c)at 345 — 
380°. Fraction (a) redistilled at 303 — 305° was a very large 
one and was identified to be -anisoyhphenylmethanei i.e*, 
p-methoxy-diphenyl’methane. Fraction (b) was a very small 
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one and could not be identified. Fraction (c), redistilled at 
B76 — 382®, was a pale yellow liquid with an intense greenish- 
blue fluorescence and was identified to be dibenzyl-anisole^ 
(Found: C = 86’l, H = 7‘3; C 21 H 20 O requires C = 87’5, 
H = 7*l %.) Yield of the first product was 63^ and that of 
the second 12 %. 

Action of benzyl-chloride on phenetoL — This reaction was 
also carried on in a similar way to the above. The product 
was fractionated and three fractions isolated, namely, (a) at 
305—315®, (J) at 315—345" and (c) at 345—360®. Fractions 
(a) and (6) were mixed together and redistilled at 330 — 346® 
and once again at 338— 341®, when a pale yellow oil was 
obtained which was identified to he p-ethoxy-diphenylmethane. 
Yield 76® Fraction (c) was a yellowish red oil which on 
cooling became semi-solid and was probably dibenzyUphenetol^ 
but this could not be confirmed as the product could not be 
purified' sufficiently for analysis. 

Action of benzyl-chloride on toluene> — A mixture of 
benzyl-chloride (25), toluene (40) and powdered titanium 
(4‘8) was heated under reflux on an oil-bath. The reaction 
was very vigorous at 70° and was completed on heating at 
110 — 120® for 10 hours. The product was fractionated as 
usual and four fractions were isolated, m., (a) at 100 — 200®, 
{h) at 200—260®, (c) at 260—285® and (d) at 285—360®. Frac- 
tion (a) was unchanged benzyl-chloride and toluene, fraction 
(i) was very small and was of indefinite composition, fraction 

(c) redistilled at 279—290® arid once again at 283 — 287® was 
a colourless oil identified to be p-benzyl-toluene and fraction 

(d) redistilled at 260-~270®/10 mm. was a colourless highly 
fluorescent oil which appeared to be 2\4’dibenzyl4oluene 
from its analysis. (Found: 0 92*4, H 7*6; C 21 Hj© 
requires C 92*8, H 7'2^. Cf, Weber and Zincke, J., Abs., 
1875, i, 158.) Yield of the first product was 12*8 g. and 
that of the second was 9*2 g. 
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Action of benzyl-ehloride on phenol . — A mixture of benzyl 
chloride (15), phenol (20) and titanium (6) was gradually 
heated under reflux on an oil-bath. A violent reaction took 
place at 80“ and HOI was rapidly evolved. The reaction 
was completed by heating at 110 — 120° for 8 hours. The 
product on fractionation at the ordinary pressure yielded 
two main fractions, namely, (a) at 310 — 330° and (b) at 
360 — 380°. Fraction (a), redistilled at 315 — 25° and once 
again at 320—322°, was a colourless n on-fluorescent oil with 
a fine flowery smell, and giving no colour reaction with aque- 
ous or alcoholic ferric chloride. It solidified on standing in 
the refrigerator for nearly a month and then crystallised 
from alcohol in colourless glistening prisms melting at 83° 
and was identified to be p-hemyl-phenol. Yield lO’U g. 
Fraction (5) was found to be insoluble in caustic alkalies and 
was apparently free from phenolic groups. It was in all 
probability, p-hemyl-phenol'benzyl ether, but this could not 
be ascertained for want of authoritative data. It boiled 
at 364—365° and was colourless oil with a strong flowery 
odour. Yield l-2g. (Found; C = 87-l, H = 6’8 ; C,oH,,0 
requires C = 87'5, H = 6’5^.) 

Action of benzyl-chloride on acenaphthene.—Thh reac- 
tion which was also a very vigorous one was carried in a simi- 
lar way to the above. The product was extracted with benzene 
and after evaporation of the solvent it was fractionated at a 
pressure of 10 mm. Four fractions were collected, viz., (a) at 
150 — 200° a colourless oil, solidifying at once, (b) at 200— 250° 
a trace of an oil partially solidifying, (c) at 250—300° a 
colourless oil and (d) at 300—360° a red oil. Fraction (a) 
was only unchanged acenaphthene ; fraction (c) redistilled at 
260 — 270° partially solidified on treatment with twice its 
volume of alcohol and the separated crystals on recrystallisa- 
tion from acetic acid melted at 49° and were identified with 
benzyl-acenapbthene (C/.Dwonewaski and Leonhard, J., Abs. ', 
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1929, i, 56). The alcoholic mother liquor from the above 
on the slow evaporation yielded another colourless crystalline 
substance which on three recrystallisation from acetic acid 
melted at 1 10 — 111° and was identified to be 5-benzy 1-acenaph- 
thene. It gave 5 benzyl-acenaphthene-quinone on oxidation 
with chromic acid in glacial acetic acid, melting at 164°. 
Yield of the 5-benzyl*acenapbthene was 42 % . 

Friedel and Craft’s reactions with metallic titanium 

Bemofhenone from bemoyl-chloride and benzene.— k 
mixture of dry benzene (28), benzoyl-chloride (20) and 
titanium powder (4 ‘2) was refluxed on the water-bath for 
30 hours. The product was fractionated at the ordinary 
pressure and the fraction boiling at 280 — 320° and redistilled 
at 305 — 315° was collected. It solidified in the receiver and 
on crystallisation from alcohol melted at 47° and was identi- 
fied to be benzopbenone. Yield 4'2 g. 

Acetophenone from acetyl-ohloride and benzene. — The 
reaction was carried on in a similar way to the above. The 
yield from 22 g. of benzene and 16 grams of acetyl chloride 
was only 1*8 grams. 

Triphenyl-chloromethane from benzo4richloride and 
benzene.— k mixture of benzene (30), benzo-trichloride (25) 
and titanium (6) was refluxed on the oil-bath at 130 — 140° for 
10 hours. The product was extracted with carbondisulphide 
and after the removal of the solvent it was fractionated under 
reduced pressure (10 mm.). The fraction boilingat 200 — 250° 
solidified in the receiver and on recrystallisation from alcohol 
was obtained in the form of pale yellow needles melting at 
104° and were identified to be triphenyl-chloromethane. 
Yield 2-8 g. 

Benzoyl-benzoic acid from benzoyl-chloride aivd benzoic 
add. — A mixture of benzoyl-chloride (15), benzoic acid (12) 
and titanium (5’4) was refluxed at 150 — 160° for 16 hours. 
The product was steam distilled to remove the excess of 
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benzoic acid and then treated with a slight excess of ammo- 
nium hydroxide, which completely precipitated the titanium 
as hydroxide. The filtrate on concentration and subsequent 
acidification with hydrochloric acid precipitated the benzoyl- 
benzoic acid. M.P. 127°. Yield 4’2 g. 


Ullmann’s reaction with titanium metal. 

Diphenyl ether from phenol and hromohenzene. — A 
mixture of phenol (15), bromobenzene (20), potassium carbo- 
nate (5) and titanium was refluxed at 180 — 200° for 15 hours. 
The reaction product was filtered and extracted with ether 
and the ethereal extract washed with dilute caustic soda. 
After the removal of the solvent, the product was fraction- 
ated, and the fraction boiling at 161° was isolated. It was 
a pale yellow oil with a fine flowery odour and was identified 
to be diphenyl ether. Yield 2'4 g. 

Diphenyl-amine from bromobenzene and aniline. — This 
reaction was carried on in the usual manner and the yield 
obtained was only about 8^ of the theoretical. When iodo- 
benzene was substituted in place of bromobenzene, the yield 
improved to about 12^. 

Succinic acid from sodium -chloracetate and sodium 
acetate — This reaction was carried on in the same way as in 
the case of cerium (Lai and Dutt, loc. cit.) and the yield 
obtained was 24 %. 

Diethyl-succinate from ethyl-chloracetate and ethyl- 
acetate. — This reaction was carried on in the same way as 
above and the yield of the reaction product was about B5^. 

HexanitrO’diphenyl from picryl-chloride, — A mixture of 
picryl-chloride (10) and titanium powder was heated at 
140 — 150° for 15 hours. The product was extracted with 
benzene, the benzene extract repeatedly washed with a strong 
solution of caustic soda and then with water until the latter 
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was colourless and finally the benzene was evaporated, 
when a brownish yellow crystalline mass was obtained. On 
recrystallisation from alcohol it was obtained in bright 
yellow needles melting at 238® and was identified to be 
hexanitro-diphenyl. Yield was only *91 g. 

Reformatsky’s reaction with titanium powder 

A mixture of dry acetophenone (10), bromacetic ester 
(17), titanium powder (10) and dry. benzene (70) was reflux- 
ed on the water-bath for four hours. After treatment with 
ice-cold dilute hydrochloric acid the benzene layer was 
separated out and after removal of the solvent, the product 
was fractionated and the fraction passing over at 
120 — 1257^ mm. was identified to he s-phenylmethyl- 
hydroxy-propionicester. Yield 2*1 g. 

Neutral reduction with titanium powder 

Neutral reductions with titanium powder were not very 
satisfactory, since in each case the yield was unsatisfactory. 
The reductions were carried on according to the method of 
Lai and Dutt. 

Picramic acid from picric acid . — The yield was only 
‘5 g. from 2 g. of picric acid. 

Benzohydrol from benzophenone . — The yield was ‘66 g. 
from 2g. of benzo-phenone. 

O^amino-phenol from o-nitro-phenoL — Yield was *2 g. 
from 2 g. 

Aniline from nitrobenzene - — The yield was 3 grams, 
from 10 g. 




COLOUR AND CONSTITUTION OP DYESTUFFS 
DERIVED FROM FLUORENONE 

BY 

MOHIT KUMAR MUKHBRJEE AND SIKHIBHUSHAN DUTT 
Ohemical Laboratory, University of Allahabad, 

The phthalein type of dyestuffs have been known for 
a very long time, tlie first phthalein — fluorescein — having 
been prepared by Bayer in 1872. Since then almost all 
anhydrides of dibasic acid, saturated or unsaturated and 
belonging to the aliphatic, aromatic or heterocyclic series 
have been condensed with aromatic amino and hydroxy 
compounds with formation of dyestuffs. The pyronine 
type of dyestuffs obtained by condensations of aldehydes 
with aromatic amino and hydroxy compounds were first 
prepared by Otto Fischer in 1875, and although the number 
of such compound has been extended by later workers, 
yet they seem to have received far less attention at the 
hands of chemists than the phthaleins. 

Very little attention has however been paid to the 
ketones as a source of dyestuffs. The first successful 
attempt in this connection seems to be that of Hans Von 
Liebig,^ who prepared by heating together a mixture of 
benzil and resorcinol with or without the addition of fused 
zinc chloride, the compound: 



This has been described as similar to fluorescein in pro- 
perties. Later on Scharwin and Kusnez^ prepared from 
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anthraquinone and resorcinol a condensation product very 
similar to the above. Very recently, Sen, Chattopadhaya 
and Sen-Gupta® have prepared a number of pyronine 
dyestuffs from several aliphatic and aromatic ketones, such 
as acetone diethyketone, acetophenone, benzophenone, etc. 
The condensations were effected by heating with zinc chlo- 
ride. The properties of most of the substances were closely 
analogous to the corresponding phthaleins. 

The neglect which this class of compounds has received 
at the hands of colour chemists is apparently due to the fact 
their constitution is not amenable to a representation in the 
quinonoid form, which has invariably been thought to be the 
cause of colour of the pyronines and phthaleins. 

The present investigation was undertaken to prepare 
dyestuffs from the interesting cyclic ketone — fluorenone. and 
to find out whether they correspond in properties to the 
analogous phthaleins or pyronines. The condensation pro- 
ducts which are easily obtained, and which have the 
following skeleton structure : 


0 



have been named diphenylene-xanthenesffor obvious reasons. 
They have properties very similar to the pyronine dyestuffs, 
as will be apparent from the experimental parts of the paper. 
The constitution of the compounds is apparent from the fact 
that on fusion with caustic soda, all of them undergo 
fission with formation of the phenol from which they were 
formed and diphenyl-o-carboxylic acid. Thus 2 : 7-dihydroxy- 
diphenylene-xanthene (from resorcinol and fluorenone) on 
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faeion with caustic soda yields resorcinol and diphenyl-o- 
carboxylic acid in the following manner: 



OH HO 0 OH 


COOH 
CeHi^CoHft 


The above constitution for the resorcinol compound is 
further corroborated by the fact that it forms a disodium 
salt and also a dibenzoyl derivative. All other hydroxy 
compounds also behave similarly. 

A comparison of the dyestuffs derived from fluorenone 
with the corresponding phthaleins show that in general the 
colour and intensity of fluorescence of the former is much less 
than the latter. But nevertheless the relation between the 
position^ of the absorption maxima is about the same in 
both the series of dyestuffs. From this also it appears quite 
conclusive that apart from the difference in the intensity 
of colour and fluorescence caused by the use of different 
starting materials, there is no fundamental difference in the 
constitution of the two types of colouring matters. 

Another very interesting fact that has been found out 
in connection with the present investigation is the effect of 
different groups - or radicals on the pyronine nucleus. Thus 
the condensation products of acetone, methylethylketone, 
diethylketone, benzaldehyde, acetophenone, benzophenone 
and fluorenone with resorcinol although have quite analogous 
constitution yet their absorption maxima is very different 
from one another as will be apparent from the following table : 


Dyestuff from 

Absorption maxima 

Acetone 

4290 

Methylethylketone 

4680 

Diethylketone 

4740 

8 . 13 




88 


THE ALLAHABAD UNIVERSITY STUDIES 


Dyestuff from 

Benzaldehyde • •• 

Acetophenone 
Benzophenone 
Fluorenone 


Absorption maxima 
4940 
5030 
5185 
4195 


From the above figures, the gradual increase in the 
colour with the increase of the molecular weight of the 
radicals attached to the main xanthene nucleus will be 
apparent. The increase is not of course gradual as could 
have been expected by calculation. Actually in the case of 
the acetone compound the substitution of one methyl for 
ethyl produces a jump in the absorption, but changing 
the other methyl to ethyl also brings about a comparatively 
small effect. Similar is in the case of substitution of a phenyl 
radical. But it is exceedingly interesting that two coupled 
benzene nuclei in the case of the fluorenone compound should 
produce such a remarkable lowering of the intensity of colour 
as compared with the benzophenone derivative. 

The dyestuffs derived from fluorenone as also similar 
compounds derived from other ketones are undoubtedly non- 
quinonoid in character, since it is not possible to attribute 
to them any quinonoid configuration even with a considerable 
stretch of imagination. But nevertheless they have proper- 
ties perfectly analogous to the phthaleins which have been 
definitely proved to have quinonoid constitution by a number 
of authors. 

The following aromatic amino and hydroxy compounds 
have been condensed with fluorenone and the following dye- 
stuff obtained : resorcinol, catechol, orcinol, pyrogallol, phloro- 
glucinol, m-dimethylamidophenol and m-diethylamidophenol. 
The hydroxy compounds have in most cases been dibrominat- 
ed and their disodium salt and dibenzoyl derivative been 
obtained. The condensations haVe invariably been effected 
by hydrogen chloride at 180 — 200°. 
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EXPERIMENTAL 

Several condensing agents were tried for bringing 
about the reaction between fluorenone and aromatic hydrpxy 
and amino compounds, sulphuric acid, anhydrous zinc 
chloride, hydrogen chloride, acetic anhydride, etc. In all 
cases zinc chloride and hydrogen chloride were found to be 
most effective. But when zinc chloride was used, a small 
residue of zinc always remained in the condensation product 
in spite of all attempts to eliminate the same. Consequently 
hydrogen chloride was used in all the cases. The general 
method of condensation consisted in taking one molecule of 
fluorenone and two molecules of the phenol or amino phenol 
in a test tube immersed in an oil-bath heated at 180 — 200°, 
and when the mixture had melted, in passing dry hydrogen 
chloride through the molten mass until complete condensa- 
tion was effected. The usual period of heating varied from 
three to 'five hours. For the sake of abbreviation only a 
brief description of the properties of the condensation 
products are given. 

2 : 7-dihydroxy-diphenylene-xanthene* — Prepared from 
resorcinol and fluorenone. It crystallised from benzene in 
yellow prisms melting at 232°, It is fairly soluble in most 
of the organic solvents, but insoluble in water. The 
colour of the solution is bright yellow, and it shows a moss- 
green fluorescence. Solutions in caustic alkalies have only 
slightly deeper colour and fluorescence. (Found: 0 = 82*17^ 
H = 4‘30; C25Hiff03 requires C = 82’4, H = 4*39^.) 

The disodium salt was prepared by treating the dyestuff 
dissolved in absolute alcohol with the theoretical quantity 
of alcoholic caustic soda, and evaporating the solution. 
The crystalline substance was recrystallised from absolute 
alcohol in fine orange leaflets which did not melt on 
heating. (Found: Na=ir35; C 23 Hi 405 Na 2 requires 
Na = 11*27^.) 
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The dibenzoyl derivative was prepared by the usual 
method and crystallised from pyridine in light yellow micro- 
scopic needles, melting at 212 ®. The substance is insoluble 
in alkalies. (Found: 0 = 81-76, H = 4‘17; C^"H 2405 
requires C = 8r81, H = 4‘19^.) 

The dihromo derivative was prepared from the resorcinol 
compound by adding an excess of bromine in alcoholic solu- 
tion to the substance dissolved in alcohol. On allowing the 
mixture to stand at the ordinary temperature, the dibromo 
derivative crystallised out in reddish violet needles which 
were recrystallised from alcohol. M. P. above 300^ The 
substance dissolved in most of the organic solvents and also 
in alkalies with a reddish pink colour and a pale green 
fluorescence. (Found: Br 31*3; C 2 5 Hi 403 Br 2 requires 
Br 30-41^'.) 

1 : 8-dihydroxy-diphenylene-xanthene . — This was prepar- 
ed from fluorenone and catechol. The substance crystallises 
from a large volume of water in long glistening golden yellow 
needles containing a large volume of water of crystallisation. 
On drying in the steam oven or in the desiccator the water 
was lost and the substance was reduced to an orange-red 
powder melting at 169°. The substance is soluble in most 
of the organic solvents and also in water forming a bright 
yellow solution without any fluorescence. In caustic alkalies 
however an intense green colour is developed which is per- 
fectly stable in the air. (Found: 0 = 82*05, H = 4‘3; 
C 2 5 Hi 60 s requires 0 = 82*4, H = 4*39^.) 

The disodium salt was prepared as before and 
crystallised from absolute alcohol in intense green crusts. 
(Found: Na = 1 1*32, 023 Hi 403 Na 2 requires Na = ll*27^.) 

The dibenzoyl derivative was prepared as usual and 
crystallised from pyridine. Light yellow powder, M. P. 
141°. (Found: 0= 81*89, “H = 4’17; O 39 H 24 O 5 requires 
0 = 81*81, H = 4-19%.) 
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The dibromo derivative was obtained as before and crys- 
tallised from alcohol in yellow prisms which did not melt even 
at 300^. It gives bright orange-red solutions in alkalies. 
(Found: Br = 31T ; C 2 sHi 403 l>r 2 requires Br = 30'4%.) 

2 : 7-dihydroxyA : 5 dimethyl-diphenylene-xanthene* — This 
was prepared from fluorenone and orcino). It crystallised 
from alcohol in light brown microscopic needles melting above 
300^ In properties it is very similar to the resorcinol com- 
pound. (Found : C = 82’8, H = 5T6; C 27 II 20 O 3 requires 
0 = 82*65, H = 5*l %.) 

1:2:7: 8’ietrahydroxy-diphenylene~xanthene was ob- 
tained from fluorenone and pyrogallol. It crystallises from 
large volumes of water in shining yellow needles melting at 
181^. The substance dissolves in alkalies with a dark 
reddish brown colour and from the solution a chocolate- 
brown precipitate is obtained on acidification* (Found : 
C = 76M0, H = 4-09; O 25 H 16 O 5 requires 0 = 75*75, 

H = 4-04^.) 

The disodium salt was prepared as usual and was 
obtained from alcohol as a brown powder extremely soluble 
in water. (Found: Na= 10 53 ; 025 Hi 405 Na 2 requires 
Na = 10-45%). 

2 : A: & :7 -tetrahydroxy-diphenylene^xanthene was pre- 
pared from fluorenone and phloroglucinoi. It could not 
be crystallised, but was obtained from alcohol a light brown 
powder melting above 300^ It dissolves in organic solvents 
to a bright yellow solution possessing a feeble green fluores- 
cence. In caustic alkalies the colour is orange-red and the 
fluorescence is also more intense* (Found: C = 75'72, 
H = 4*02 ; C 25 H, 6 O 5 requires C = 75'75,H =4*04%*) 

2:74etramethyldiamido’diphenylene-xanthene. — This was 
prepared from fluorenone and m-dimethylamidophenol. The 
substance crystallised from alcohol in violet-red prisms 
melting at 111 ^. The substance is soluble in all the organic 
solvents and also in dilute acids with a bright pinkish red 
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solution with a dull yellow-brown fluorescence. (Found : 
N = 6'6; CjoHaeONj requires N = 6*69^.) 

2 : 7-tetraethyldiamido-diphenylene-xanthene - — This was 
prepared from m-diethylamidophenol and fluorenone. It 
crystallised from alcohol in dark violet crusts melting at 
127° and had properties similar to the above compound. 
(Found: N = 5’82 ; Ca^ Ha 4 ONj requires N = 5'90^.) 

ABSORPTION MAXIMA OF DYESTUFFS DERIVED 
FROM FLUORENONE 

Dyestuff derived from fluorenone Absorption maxima 

and 


Resorcinol 

4195 

Ditto, dibromo derv. 

4260 

Catechol 

4619 

Ditto, dibromo derv. 

4740 

Pyrogallol 

4535 

Ditto, dibromo derv. 

4696 

Phloroglucinol 

4219 

m-Dimethylamidophenol 

5074 

m-Diethylamidophenol 

5086 
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THE VACUOME HYPOTHESIS 


BY 

D. R. BHA'PTAOMARYA AND MURDl DHAR LAL 
SRIVASTAVA 

Zoology Department, University of Allahabad 

INTRODUCTION 

In a recent paper (1934) Professor Oatenby writes; 
“ It may be said at once that tiie majority of workers on 
tissue culture believe the first hypothesis of Parat and 
Painlev^ namely that tlie Oolgi apparatus is merely the 
artificial coalescence of vacuoles stainable in neutral red. 
That this is so became clear to us at the International Experi- 
mental Cytological Congress at Cambridge, 1933.” That 
the controversy round the “ Vacuorne ” theory is still far 
from being closed, needs little emphasis ; it becomes 
abundantly clear on a perusal of the recent literature written 
lound the deposition of the neutral red in the living cell, 
i.e., “ Vacuorne 

The present work is the result of an attempt to investigate 
the behaviour of the cytoplasmic components in supi’avitally 
stained eggs of a number of animals — Columba intermedia, 
Gallus bankiva, Kana tigrdna, and Saccobranchus fossilis. 
The stains used were the freshly prepared solutions of neutral 
red, gentian violet, aniline blue, and trypan-blue. Neutral 
red was prepared according to the senior author’s direction 
given in Bolles Lee’s Vade Mecum, and the other stains wei’e 
prepared almost of the same concentration. The dyes were 
further diluted before use by adding 5 drops of the same 
to 50 c.c. of Ringer’s Salt Solution. Pieces of ovary were 
also studied in unstained condition in Ringer’s Salt Solution. 
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OBSERVATION 

Pigeon 

The yoiinc: unstained oocytes of Coluinba intermedia 
invariably ^?how a dense juxtanuclear cytoplasmic area— the 
so-oailed Yolk-Nnoleus of Ralbiani — which stands out in sharp 
contrast to the rest of the cytoplasm due to its striking 
opacity. A few refringent granules can be perceived in it, 
which are found to have increased considerably in older 
eggs, and are ejected if the oocyte is ruptured by a slight 
pressure of the coverslip, and begin to execute vibratory 
movements. These refringent granules are identified as the 
Golgi bodies. 

When small pieces of the ovarian tissue are immersed 
in a solution of neutral red the first indication of the neutral- 
red granules appears after about twenty minutes. Fig. (1) 
represents a young oocyte which has been kept immersed 
in neutral red for such a length of time. The “Yolk-Nucleus 
ot Balbiani,” as mentioned above, comes into view as a 
sharply staining juxta-nuclear area of denser cytoplasmic 
texture, with two kinds of granules showing prominently in 
its substance, i.e-, the unstained refringent granules and the 
neutral-red granules. The rest of the cytoplasm at this 
stage is completely unstained, and is practically devoid of 
these inclusions. 

The neutral-red granules are small roundish structures, 
and at this stage they are nearly of the same size as the 
refringent granules — the Golgi bodies— with'which, however, 
they can hardly be confused, as both are observed occurring 
simultaneously. After about fifteen minutes the neutral-red 
bodies increase greatly in size through the increased absorption 
of the dye and not through the coalescence of the previously 
existing ones, as is clear from a comparison of Figures 1 and 
2. Moreover, there appears to l\e no evidence that with the 
lapse of time, new-neutral red bodies are secondarily produced 
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by the prolonj^ed effect of the dyestuff. They remain con- 
fined to the juxta nuclear area even at this stapre and do not 
appear at other places in the cytoplasm (Figs. 2 and 3). 'Phc 
Golgi bodies likewise occur in this position, uniformly dis- 
tributed between the swollen “Vacuoine”, and never take up 
the red stain (Figs. 2 and 3). 

That the refringent granules are nothing other than the 
Golgi bodies is confirmed hy the .•^tud} of the effect of osinic, 
acid overa supra-vitally stained c(‘ll { Kig. 4) 1'iie “Vacuome ’ 
^remain as such but the refringent granules take up a greyish 
to black hue, which hecomes more prominent with time, till 
the prolonged exposure to osmic renders the cell completely 
opaque and unfit for study. 

In the advanced oocytes (Fig. 5) the vacuome aret 
distributed uniformly throughout the cell, and show no 
particular arrangement although patclies appear in an earlier 
stage (Fig. 4). On prolonged treatment (1 hour or more) 
some of them swell up to form big spherules, but show no 
other alteration. It may be mentioned here that neither 
albuminous yolk bodies, i or fatty yolk bodies show any 
tendency to take in the neutral red colour daring the early 
stages of the experiment, though after the lapse of li hours, 
some of the fat bodies may be tinged red. 


Gallus bankiva 

In Gallus the early stages of neutral-red staining 
provide the same results as in the Columba, with this 
difference that the former is not suitable for a study of 
simultaneous occurrence of the two cytoplasmic components. 
In older eggSi however, the vacuome appear in patches (Fig. 6) 
which on closer inspection appear to consist of discrete 
swollen elements, with a tendency to run together. A» in 
the pigeon, the yolk bodies remain unstained. 
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Rana tigrina 

In Rana tigrina tlie vaeuonie first begin to come into 
view as a few distantly isolated granules, but witnin 45 
minutes the entire cytoplasm is filled with a number of 
distinctly separated patches which consist of red granules of 
various sizes (Fig. 7) Tiie patches do not appreciably 
increase in size with the increased duration of the staining 
and no new ones are apparently added to tlie previous ones. 
As in other cases, the dye does not stain any inclusions that 
are already visible in the cytoplasm without the application of 
any reagent. 'Vhe patches maintained tliis condition nearly 
as long as the cell kept alive. 


Saccobranchus fossilis 

The vaeuorne begin to appear after thirty minutes, and 
within forty-five minutes tlie entire cytoplasm is completely 
studded with numerous small regular roundish bodies stained 
bright pfnk wliich at times align to form short filamentous 
structures but never associate to form regular patches (Fig. 8). 
They are uniformly dispersed through the entire expanse of 
the uncoloured cytoplasmic background and ne\er show any 
tendency to arrange themselves in any particular way. Even 
if this tissue is kept immersed in the dye for two hours, the 
vacuolar granules do not swell up to any marked extent and 
do not run together to form artificial patterns of any descrip- 
tion, but retain their original size and shape. The vacuome 
begin to be effected seriously only with the approach of the 
death of the cell. 


EXFEHIMENTS WITH OTHER DYES 

Gentian — (jentian viofet failed to stain the cyto- 

plasmic inclusions of the eggs of any of these animals but, 
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on the other hand, produced a uniform diflFuse colouration of 
the entire cytoplasm It coloured very prominently the 
‘Yolk nucleus* in the e^gs of Saccobranclius fossilis, hut the 
staining was dense and uniform and was, therefore, unfit for 
the investigation of structural characters. 

Tryyan blue - — Trypan blue as a supra-vital stain 
yielded as poor a result as gentian violet. It stained 
very successfully tlie oocyte nucleus and neueleoli, but 
failed disappointingly to colour any cytoplasmic cell com- 
ponents, and after about forty-five minutes very injurious 
effects on the cyto[)lasm were perceptible. Rig colour- 
less vacuoles began to appear till the entire cytoplasm was 
converted into an apparently frothy vacuolated mass. 

Aniline — The stain produced a uniform colouration 
of the cytoplasm and brought forth no cell inclusions to view* 

DISCUSSION 

A consideration of the ‘ Lepidosome * theory is delibe- 
rately left out of account in the present work for the following 
two reasons : — Firstly, there is little experimental evidence 
of a mitochondrial transformation into a structure behaving 
like the typical Golgi body; in other words, the “Chondriome 
Actif is an unjustifiable connotation, and in the absence of 
absolute and incontrovertible proofs of the mitochondrial 
origin of the structure, the rule of priority alone should have 
prevented the coinage of a new term for a structure ali*eady 
known. Secondly, even an assumption of the correctness 
of the '‘Lepidosome ” hypothesis does not seriously afiFect the 
main issue before cytologists, which is, — Are the neutral red 
vacuoles the homologues of the classical Golgi bodies as 
revealed in fixed tissues? 

It is of interest to note that the results that led Fa rat to 
formulate this Hypothesis in the first instance arose out of an 
investigation of the secretory cycle of glazul cells — the salivary 
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gland (*ell8of thechironomous larva. Subsequent workers who 
covered tlie same ground brought nut the interesting fact that 
Parataiul his collaborators had simply missed the typical (doigi 
structure which did exist in the salivary gland cells of chirono- 
mous larva in addition to Pa rat's Vacuomc [Krjukowa 
(1929), Beam.s and Goldsmith (19dl), Gatenby (l9d2)]. 
Beams and King write — “This makes it seem very likely that 
Parat and Painiev<^ never saw the Golgi material at the time 
of their original publication The suggestion was made by 
Krjukowa and by Beams and Goldsmith that what Parat and 
Painlev^ were describing as Golgi apparatus simply repre^ 
sents secretory material. The massive network which they 
figure following staining with neutral red probably represents 
the fluid secretion in the net-like intracellular canaliculi ’ 

Gatenl)y (1932) showed that neutral red exerted an inju- 
rious effect upon the architecture of the cell and created 
artificial cavernous spaces which got filled with neutral red 
and appeared as the ‘‘ Vacuome,'’ but which were certainly 
not pre-existent. 

Chlopin (1927) carried out an extensive investigation on 
tlie effect of the vital stains on the living cells of a wide 
range of animals, and, as a result, expressed the view that 
while neutral-red stains pre-formed granules, it also orisrinates 
secondarily formed bodies which he calls “Krinom” {vide 
Ludford, 1930). 

Ludford further says, “ Following the injection of 
neutral red into living mice, dye droplets appear in the 
Acinar cells. 1 have not seen them appear when the pancreas 
is teased out in saline containing neutral red and examined 
under the microscope at room temperature. By this method 
secretion granules are ultimately stained. Such experiences 
suggest that the formation of the dye droplets is brought 
about by the vital activity of the cells and is not due to a 
passive staining of pre-formed droplets.’ * Further he showed 
that following certain techniques, the neutral red ‘ Vacuome’ 
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could be fixed. Thus he obtained pictures of cells containing 
the neutral-red vacuome and the Golgi bodies simultaneously. 
Asa result of nentral-red staining Golgi apparatus undergoes 
an alteration, and is broken up. 

Hearns (1931) was also able to fix the vacuome and the 
Golgi bodies in the same cell, and thus oflered a demons- 
tmtion of the independence of the two structures. 

Hhuttiioharya and Das (1929) were likewise able to 
demonstrate the simultaneous occurrence of the Golgi bodies, 
vacuome and mitochondria. Similar results were obtained 
by many others, e.g., Tretjakoff, Grabowskiand Rumjantzew 
[vide young (1932)]. Voinova, Hirschler, Monne, and 
Gatenby [vide C^atenb} 1 19‘^9)j worked out the separate roll of 
the two structures in spermatogenesis. 

It seems apparent that the Golgi apparatus is a structure 
entirely independent of Fajat^s neutral-red vacuome, while 
the latter may cover a variety of structures and formations 
from Frezymogen granules of Benseley [Gatenby (1931)], 
to the Krinom of OhJopin* 

The results of the neutral-red staining of Frotozoa 
[Joyet-Lavergne, Hall, Volkonsky and others — vide (Hall and 
collaborators 1931)] should be entertained with considerable 
caution as the homology of the various inclusions in Protozoa 
is not properly understood, and to offer a solution of the 
problem on the basis of such a work is apparently risky. 
They seem, however, to be in favour of the ‘Vacuome’ 
Hypothesis, inasmuch as it has been shown by some that the 
neutral-red vacuome go black by osiuication and are appa- 
rently Golgi bodies. 

It may be mentioned here that the findings of Covell 
and Scott on spinal ganglion cells in injected specimens of 
rat, appear to offer a support to Farat’s hypothesis, but 
Beams (1931), who repeated the experiments on the same 
material, showed that the Golgi bodies and the neutral-red 
granules can be demonstrated to coexist in the same cell. 
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The results of the present investigation leave no doubt 
as to the separate identity of the Golgi bodies, which are 
entirely independent of the vacuome and can be seen in the 
living condition of the egg without the assistance of any 
reagent. They don’t stain witli neutral red and the vacuome 
and the Golgi bodies can be demonstrated at the same time 
in the same cell. 

EXPLANATION OP FIGURES 

Pi>r 1. A vounu oocyte of pijjeon after 20 miniitt's of siifoa-vOal 
ataminp:. 

Fig. 2 The jiarr)e after 45 minutes. 

Fig 3, A younji oocN ti* of pijifon after 80 inirnites of stipra-vital 
stainitig. 

Fig. 4. A young onc\te of pigeon supravitally stained and subse- 
quently treated with Osmio Acid. 

Eig. n. A more advanced oocyte of pigeon snpiavitally stained 
(after 4o minutes) 

Fig. 6. Part of a supravitally stained oocyte of Galliis bankiva 
after 45 minutes. 

Fig. 7. Part of a Mipravitally stained ooo) te of Rana tigrina. 

Fig. 8. Part of a supravitally stained ooo> te of Saonobranchus 
foss-ilis. 
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AN ESTIMATION OF THE COMPARATIVE VALUE 
OF VARIOUS FRESH FRUIT MEDIA IN 
REGARD TO FUNGAL GROWTH 

BY 

R. 0. LACY, M.Sc. 

Botanical Laboratory, University of Allahabad 

I. INTRODUCTION 

The present paper is an investigation of the properties 
of media prepared from certain Indian fruits in relation to the 
cultural study of four fungi belonging to the Deuteromycetes. 
In this work, Brown’s starch synthetic medium was also used 
and taken as a standard for purposes of comparison. As far 
as possible, all the conditions for the experiments were kept 
well-defined and uniform to give a fair comparison of the 
results. The pH value of the different fruit juices was deter- 
mined by the colorimetric method. 

Ten fungi. Nos. 1 — 10, were collected from different 
sources. They all belonged to the group Deuteromycetes. 
Out of these Nos. 6, 7, 9 and 10 were selected* because of 
their relative importance. 

No. 6 ... ... ... Fusarium sp. 

No. 7 ... ... ... Macrosporium sp. 

No. 9 ... ... ... Acrothecium sp. 

No. .10 ... ... ... Spicaria sp. 

The media employed and the abbreviations used to 
denote them are given below : — 

1. Brown’s starch-synthetic medium ... “ Brown’s- 

starch.” 

2. Apple decoctiOn-Agar, No. I ... '‘Apple I.” 

3. Apple decootion-Agar, No. 11 ... "Apple 11.” 

4. Grape decoction-Agar, No. I ... “ Grape 1.” 

5. Grape decoction-Agar, No. II ...“ Grape IL” ' 
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6. Ripe Guava decoction- Agar, No. I “ Guava 1.” 

7. Green Guava decoction-Agar, No. II “Guava II.” 

8. Banana decoction-Agar ... “ Banana.” 

9. Orange juice- Agar ... “Orange.” 

10. Papaya decoction-Agar ... “Papaya.” 

Single-spore cultures were obtained in every case. The 
colours were identified by comparison with the shades in 
Ridgeway’s “ Colour Standards and their nomenclature.” 
The difficulty in counting the septa of granular or vacuolate 
spores was overcome by using ruthenium red. The septation 
mode was calculated by counting the septa of about 100 spores. 


II. DIFFERENT MEDIA AND THEIR EFFECT 
ON FUNGOID GROWTH 

1. Brown’s synthetic medium with starch: — 

Preparation . — 

Asparagin ... ... ... 2 grams. 

Magnesium sulphate ... ... ‘75 grams. 

Glucose ... ... ... 2 grams. 

Potassium phosphate ... ... 1'25 grams. 

Starch ... ... 10 grams. 

Agar-agar ... ... ... 15 grams. 

Distilled water ... ...1000 c.c. 

The pH value of this medium, as determined by the 
colorimetric method, was 7. 

Brown (9) suggests that the measurement of the colonies 
should be started 48 hours after inoculation in order to 
allow for the time taken by the spore to germinate and the 
rate of growth to become uniform. Hence the measurements 
and all other records were started on the second day after 
inoculation. The term “ radial advance ” of a colony is 
used here in the same sense as used by Horne and Mitter (6). 
It is the length of the radius of the colony, which is usually 
more or less circular. 
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Range of temperature daring experiment — 22°C— 24®0. 

Graph 1 shows the coarse of the daily radial advance 
of the four fungi, Nos. 6, 7, 9 and 10 on Brown’s starch 
medinm. On the basis of their average rate of growth, the 
fungi can be arranged in this descending order: Nos. 6, 10, 
9, and 7. 

Macroscopic and microscopic characters were observed 
from cultures of 8 to 10 days old, and the observations are 
given below : — 


Characters 

No. 6 

No. 7 

No. 9 

1 

No. 10 

Colour of the 
rayoelium. 

Pale flesh 
color 

Margin, Pale 
Olive Buff. 
Centre 
Dark Olive. 

Vinaceous 

Pawn. 

Pale Pink- 
ish Buff. 

Colour of sub- 
stratum. 

Warm b u ff i 
(after 15 days). 

Absent. 

Absent. 

Absent. 

Development 
of aerial 
mycelium. 

Absent at first. 
After 4 days, 
good. 

Not good. 

Poor. 

Very good. 

Nature of 
growth. 

Non-staling ... 

Non-staling. 

Non-stal- 

ing. 

Non-stal- 

ing. 

Zonation 

Absent. 

4 faint zones. 

Absent. 

Absent. 

Sporulation ... 

Good. 

Good. 

Poor. 

Good. 

Range of size 
of spores io 

p. 

26*2 X 4*2 
to 

44-8 X 4 2. 

2*8 X 2 8 
to 

44*8 X 9-8. 

Mostly 

28 X 11*2. 

Less than 
2*8 to 
16-8 X 4*2. 

Septation 

mode. 

5-mode. 

Spores Mu- 
riformis 

3-mode. 

Aseptate. 

Other pro- 
nounced fea- 
tures. 

Absent. 

Absent. 

Masses of 
twisted 
hyphfiB. 

Absent. 

Saltations ... 

Appeared after 
4 days. 

Absent. 

1 

Appeared 
after 5 
days. 

Absent, 
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Shape and character of spores : — 

No. 6. — The spores bad sharp pointed ends, curved to 
form a orescent shape ; 2 to &-septate ; mostly 
hyaline and a few vacuolate. (See figure 1.) 

No. 7. — The spores were variously shaped, round, ovoid- 
al and club-shaped, mostly muriform. Some 
were aseptate, others 1- to 7*septate ; but in 
most of the spores, the second cell or other cells 
were longitudinally or obliquely divided by a 
septum, while the rest of the portion had trans- 
verse septa. They were dark, slightly granular, 
and either rough or smooth-walled. (See figure 
2 .) 

No. 9. — The spores were uniformly of a regular shape 
as shown in figure 3. They were 3-septate; 
non-vacuolate ; granular, dark in colour. The 
two end cells less dark than the two central 
ones. One of the two central cells exhibited 
a prominent bulging. (See figure 3.) 

No. 10. — The spores had various shapes from round, 
ovoidal, ellipsoidal to cylindrical ; sometimes 
pointed at one end only. Usually boat-shaped ; 
aseptate and hyaline. (See figure 4.) 

2. Apple Decoction- Agar, No. I 

The apples used were Sturmer pippins, from Eumaon 
orchards, and were obtained in the month of October. Frac- 
tional steam-sterilization is recommended.^ The pH value of 
the decoction was 5’5. The medium was prepared accord- 
ing to the following formula 

Decoction from ... 50 grams of apple pulp. 

Agar-agar ... ... 20 grams. 

Distilled water ... 1000 c. c. 

Range of temperature during the experiment.— 29‘5‘’C — 
322“C. 
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Q-raph 2 shows the course of the daily radial advance 
of the four fungi on Apple L The rates of growth of 
Nos. 7, 9 and 10 fell with the age of the cultures, but the 
rate of growth of No. 6 gradually rose till the end of the 
7th day. Taking into consideration the average radial ad- 
vance of the fungi, the following series can be arranged in a 
descending order: Nos. 9, 6, 10 and 7. 


Macroscopic and microscopic characters 


Characters 

No. 6 

No. 7 

No. 9 * 

No. 10 

Colour of the 
myoeliura. 

Pale Pinkish 
Buff. 

Light brown- 
ish Olive. 

Mouse gray. 

Pale Pink- 
ish buff. 

Colour of the 
substratum. 

Absent. 

Absent ... 

Absent ... 

Absent. 

Developmen t 
of aerial 
myoelium. 

Almost absent. 

Poor 

Poor 

Poor. 

Nature of the 
growth. 

Non-staling, 

Non-staling. 

Non-staling 

Non-stal- 

ing. 

Zonation 

Paint, visible 
against light. 

5 zones ... 

5 zones • • . 

Absent. 

Sporulation ... 

Fair 

Good 

Not good. 

Very good. 

Range of size 
of spores in 

!*• 

13-5 X 2-7 
to 

54 X 5*4 

54x5*4 

to 

56*7 X 14*85 

135X81 

to 

26*6x13*5 

Prom less 
than 2*8 
to 16*2 X 
4*05. 

S e p t a t ion 
mode. 

4-mode 

Spores muri- 
formis. 

3-mode ... 

Aseptate. 

Other pro- 
nounced fea- 
tures. 



0 h 1 a m y- 
dospores. 

... 


Shape and character of spores: — 

No. 6. — The spores were sharply pointed at both ends, 
curved to form a crescent shape. Barely the 
curvature is more prominent at one end. 


s. IS 
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Spores hyaline ; very few show feeble grann- 
larity and frequent irregularity in form- 
Spores 3-to 5-septate. (See figure 6<) 

No. 7. — The spores were similar in shape and character 
to those on Brown’s-starch, except that the 
spore-wall was thicker. 

No. fi.—Spores were exactly like those on Brown’s- 
starch. 

No. 10.— Spores similar to those on Brown’s-starch, 
except that here they exhibited prominent 
granularity, and there were no vacuoles. 


3. Apple Decoction-Agar, No. 11 

The apples used in this experiment were of the ordinary 
hill type but the exact locality could not be ascertained. 
They were obtained in the month of December and were 
reddish-pink, qnite ripe and sound. 

Average size, 6x6 cms. ( vertical and horizontal 
diameters). 

Preparation . — 

The decoction was prepared in the same way as 
in Apple I, pH, 4'7. Here the concentration of the 
medium was greater. The formula is : — 

Decoction of ...200 grams of apple. 

Agar-agar 18 grams. 

Distilled water 1000‘C.c. 

Range of temperature daring the experiment. — 

21“C— 23°C. 

Graph 3 shows the coarse of the daily radial advance 
of the four fungi on Apple 11. It shows a doable rise and 
a doable fall in all except No. 6, where there was a third 
rise. The best rate of growth' was obtained for No. 10, 

• then followed Nos, 7, 6 and 9. 
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Macroscopic and microscopic characters 


Characters. 

No. 6. 

No. 7. 

No. 9. 

No 10. 

Colour of the 
mycelium. 

Light Pinkish 
Cinnamon. 

B u ff y 
olive 

Tawny 

Seashe 11 
Pink. 

Colour of the 
substratum. 

Absent. 

Absent. 

Tawny. 

Absent. 

Developm e n t 
of the aerial 
mycelium. 

Absent. 

Poor. 

Poor. 

Almos t 
Absent. 

Nature of the 
growth. 

Non-staling. 

Non-stal- 

ing. 

Staling 

Non-stal- 

ing. 

Zonation. 

4 faint zones. 

5 zones. 

Dark 
and light 
alternat - 
ing. 

8 zones. 
Outer-1 
cm Mid- 
dle-*3 cm. 
Inner-r5 
cm. 

3 V e r y 
faint 
zones. 

SporulatioD. 

Very poor. 

Good. 

Poor. 

Good. 

Range of size 
of spores in p. 

28x4*2. 

11*2 X 6*6 
to 

42X11*2. 

28x14 

3'3ex2-8 

CO 

836x4*2. 

S ep t a t ion 
mode. 

4-mode. 

Spores ! 
muriform 

3-mode. 

Aseptate. 

Other forms of 
spores. 

j 

Absent. 

Absent. 

0 h 1 a m y- 
dispores. 
First ap- 
pear in 
the mid- 
dle zone. 
Colour- 
BrusseFs 
Brown. 
Later all 
over. 

Absent. 

Saltations. 

Absent. 

... 

... 

... 
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Shape and character of spores : — 

No. 6. — The spores ' are usually straight ; the ends 
bluntly pointed ; cells bulged out. They were 
vacuolate and 1- to 5-septate ; and exhibit 
different forms of hypertrophy. (See figure 8.) 

The spores of Nos. 7 and 9 did not develop any note- 
worthy character. 

No. 10. — The spores were similar to those produced 
on Apple 1, except that these were much 
longer. (See figure 9.) 


4. Grape Oecoction-Agary No. I. 

The grapes used were from Chaman and are well known 
in the Punjab and the U.P. and obtainable in Allahabad 
usually in the months of October and November. They are 
small, round, pale green, seedless and quite sweet. 
Average size about I'b x ro cms. 

Preparation . — 

Ripe and sound grapes were selected for the experiment. 
A decoction was prepared by slow boiling and filtration 
as in the previous experiments. pH, 5. The formula is : — 

Decoction of 30 grams of grapes. 

Agar-agar 20 grams. 

Distilled water 1000 c.c. 

Range of temperature during the experiment. — 25’6°C — 
28*0. 

Graph 4 shows the course of the * daily radial advance 
of the fungi on Grape 1. There was a fairly good advance 
in the growth of all the fungi. They can be arranged in a 
descending order as follows : Nos. 7, 10, 9 and 6. The 
growth rate was fairly constant in No. 6- It experienced 
an alternating rise and fall at two occasions in Nos. 7 and 
10. In No. 9, the growth rate gradually fell. 
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Macroscopic and microscopic characters 


Oharaoters. 

No. 6. 

No. 7. 

No. 9. 

No. 10. 

Colour of the 
mycelium. 

Pale Vinaoe- 
ous Pink. 

Dusky Olive 
Green. 

Outer — 
Safrano 
Pink. 
Inner — 
Olive 
Brown. 

Pale 

Vinaoeous- 

Fawn 

Colour of the 
substratum. 

Absent. 

Absent. 

Absent. 

Absent. 

Development 
of the aerial 
mycelium. 

Very poor. 

Good. 

Very Good 

V’ery Poor. 

Nature of the 
growth. 

Non-staling. 

Non-staling. 

Non- 

staling. 

Non- 

staling 

Zonation. 

Absent. 

2 zones. 
Outer — ’9 cm. 
Inner— I'B 
cms. 

2 zones 
Outer— *7 
cm. Inner, 
— 1*8 cms. 

Absent 

Sporulation. 

Poor. 

Very Good. 

Very Good. 

Very Good. 

Range of size 
of 8 p 0 r e s 
in (ji. 

13'5x27 

to 

64’8 X 6*4 

8*1 X 6*75 
to 

54X18*8. 

16’2xl0*8 

to 

24’4 X 16*2. 

From less 
than 2 7 
to I0'8x 
4*05. 

Septation 

mode. 

3-mode 

S p 0 r e s 
muriform. 

3-mode. 

Aseptate. 

Other forms 
of spores. 

Absent. 

Absent. 

Oh 1 a m y- 
dospores. 
Hyphae 
twisted. 

Absent. 

Saltations. 

Absent. 

... 


... 


Shape and character of spores: — 


No. 6. — Spores mostly straight, rarely crescent-shaped ; 
2* to 8-septate ; having many refractive globnles 
and showing considerable hypertrophy. A 
special feature of the spores was their 
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prominent granularity in the cells, which were 
bulged out. In old cultures the granularity 
disappeared. ( See figure 10. ) 

No* 7.— The spores here were similar to those on Frown’s 
starch, in shape and other characters except 
that they exhibited a prominent granularity 
and very rough spore-coats. ( See figure 11.) 

No* 9. — No special character except granularity ; they 
were similar to those on Brown’s starch* 
( See figure 12. ) 

No. 10*— Similar to those on Brown’s starch except for 
their prominent granularity in contents. 
(See fig. 13.) 

5. Grape Decoction*Agar, No. II 

Preparation . — 

Sixty grams of grapes were used to have a medium 
of higher concentration than the previous medium, Grape I. 
The pH value was 4 '6. The medium was prepared by 
the following formula 

Decoction from ... ... 60 grams of grapes. 

Agar-agar ... ... 20 grams. 

Distilled water ... ... 1000 c.c. 

Range of temperature during the experiment.'— ’25'6°0 
— 28°C. 

Graph 5 shows that there was a steady rise in the 
rate of No. 6 except on the 5th day. The rate of No. 7 fell 
on the 7th day after a steady rise up to the 6th day. No. 9 
showed a gradual fall all through and the rate of No. 10 
gradually fell after the first rise on the 4th day. On 
the basis of average daily rate of radial advance, the 
four fungi can be arranged in this descending order : Nos. 
7, 10, 9 and 6. This is similar to the results obtained on 
Grape I, but here the rates are higher. 
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Macroscopic and microscopic characters 


Oharacters 

No. 6 

No. 7 

No. 9 

No. 10 

Colour of the 
mycelium. 

Vinaoeous 

Pink. 

3 colour re- 
gions. 

Outer — Vetiver 
green. 

Middle— Deep 
Olive, 

Inner— Dark 
Olive. 

2 regions. 
Outer — Saf- 
rano Pink. 
Inner— Olive 
Brown. 

Pale Vin- 
aoeous 
Pawn. 

1 

Colour of the 
substratum. 

Shell Pink. 

Absent. 

Absent. 

Absent. 

Developm en t 
of aerial my- 
oelium. 

Poor, (but 
better than 
Grape I.) 

(iood. (Better 
than Grape 

I.) 

Very Good. 
(Better than 
Grape 1.) 

Very Good. 

Nature of 
growth. 

Non-stal- 

ing. 

Non-staling. 

Non-staling. 

Non-staling 

Zonation. 

Absent. 

3 zones. 
Outer — *6 cm. 
Middle — 1 cm. 
Inner — 7 cm 

2 zones. 
Outer— *7 cm. 
Inner— rSoro 

Absent. 

Sporulation. 

Not Good. 

Very Good. 

Very Good. 

Very Good. 

Range of size 
of spores in (i. 

13-5 X 2*7 
to 

64*8 X 6*4 

8*1X6 75 
to 

64x10-8 

1 .•2x 10-8 
to 

24 3 X 16*2 

From less 
than 2*7 to 
10*8x406 

S epta t i 0 n 
mode. 

3-mode. 

Spores muri- 
forro. 

3-mode. 

Aseptate. 

Other forms 
of spores. 

Absent. 

Absent. 

Ohlamy- 
dospores in 
patches. 

Absent. 

Saltations. 

Absent. 

Absent. 

Absent. 

Absent. 


Shape and character of spores : — 

The shape of spores and their characters did not show 
any marked difference from those of Grape 1. 
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6. Ripe Guava Decoction-Agar, No. 1 

The guavas were obtained fresh from one of the local 
gardens. The skin had turned quite yellow. Only sound 
fruits were used. 

Average size:— 9 x 7 eras. 

Preparation - — 

The skin was peeled off and the inner central portion, 
containing mostly seeds, was rejected. Only the pulp was 
used to prepare the decoction. pH, 4‘4. The formula is : — 
Decoction from ... 200 grams of ripe guava. 

Agar-agar ... ... 18 grams. 

Distilled water ... 1000 c.c. 

Range of temperature during experiment.— 23*0 — 25°C. 
Graph 6 shows that there was a general fall in the 
growth rates of all the fungi. Nos. 6, 7 and 10 showed 
alternate rise and fall in their rates while No. 9 showed 
a steady fall and thus resulting into a “stale culture.” 
On the basis of average daily rate of radial advance, 
the four fungi can be arranged in this descending order : 
Nos. 7, 10, 6 and 9. 


Macroscopic and microscopic characters 


Characters 

No. 6 

No. 7 

No. 9 

No. 10 

Colour of the 

Orange 

Two clour 

Two colour 

Pale Pink- 

mycelium. 

Pink. 

zones. 

Outer— Buffy 
Olive. 
Inner.—Dark 
Olive. 

zones. 

Outer— Tawny 
Olive. 
Inner— Sac - 
0 a r d 0 ^ s 
umber. 

ish Buff 

Colour of the 
substratum. 

Absent. 

Absent. 

Tawny. 

Absent. 

Development 
of the aerial 
myceliam. 

Absent. 

Good. 

* 

Very Good. 

Good. 
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Characters 



No. 9 

No. 10 

Nature of the 

Non-stal- 

Non-staling. 

Staling. 

Non-staling. 

growth. 

ing. 




Zonation. 

Absent. 

7 zones. 

4 wavy zones. 

Absent, 

Sporulation. 

Poor. 

Good. 

Poor. 

Good. 

Range of size 

22'4X4'2 

8 4 X 8’4 to 

19'6 X 11-2 

From less 

of spores in p. 

to 

60'4 X 8‘4. 

to 28 X 14. 

than 2*8 to 

44*8 X 6*6. 



1 14 X 2*8 

Septation 

3-mode. 

Spores 

3-mode. 

Aseptate. 

mode. 


muriform. 



Other forms 

Absent. 

Absent. 

Oh 1 a m y - 

Absent. 

of spores. 

i 

1 


dospor e s 
are present 
at the mar- 





ginal region 
of the 





colony. 


Saltations. 

i Absent 

... 


... 


Shape and character of the spores: — 

No. 6. — The spores were straight or crescent shaped, 
2- to 4'8eptate generally ; hyaline ; the end cells 
bluntly pointed. The cells were vacuolate and 
exhibited bulging and other forms of hypertro* 
phy. Some of the spores from the clumps show 
germination from their end ceils. (See figure 15<) 
No. 7. — The spores here did not exhibit any special 
character except a prominent roughness of 
the walls in a few. In other features, they 
resembled those on Brown’s starch. (See 
figure 16.) 

No. 9.— Spores of two distinct shapes; some straight 
and cylindrical, others curved and bulged. 

No. 10. — Spores were similar to those obtained on 
Brown’s starch. 


s. 16 
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7. Green Guava Decoction-Agar, No. 11 

Preparation^-^ 

The guavas used in this experiment were similar to those 
used in the previous experiment, Guava I, except that they 
were green and semi-ripe. The medium was prepared exactly 
in the same way as Guava I. pH, 4*0. The formula is 

Decoction from ... 200 grams of green guava. 

Agar-agar ... 18 grams. 

Distilled water ... 1000 c.c. 

Range of temperature during the experiment. — 23°C — 
25°C. 

Graph 7 shows the course of the daily radial advance 
of the fungi on Guava II. No. 6 maintained practically a 
constant rate, while No. 7 and 10 showed an alternating rise 
and fall in their rates. No. 9 suffered a fall in its rate on the 
first 5 days and later it also showed an alternating rise and 
fall in its rate of daily growth. The average rate of radial 
advance was different on this medium from that on Guava I. 
The fungi stand in this descending order : Nos. 7, 10, 9 and 
6. Here No. 9 showed a better average rate than No. 6. 
On Guava I it was vice versa. 


Macroscopic and microscopic characters 


Characters 

No. 6 

No. 7 

No. 9 

No. 10 

Colour of the 
mycelium. 

Orange- 

Pink 

Two colour 
zones. 

Outer-Gray- 
ish Olive. 
Inner — Dark 
Olive. 

Two colour 
zones. 

Outer-Cinna- 
mon Buff 
Inner-Saco ar- 
dors umber 

Pale Pink- 
ish Buff. 

Colour of the 
substratum. 

Absent. 

Absent. 

Tawny. 

Absent. 
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Characters 

No. 6 

No. 7 

No. 9 

No. 10 

... 

Development 

Absent. 

Good. 

Very Good. 

Good. 

of the aerial 





myoelium. 


(Better than in Guava I.) 


Nature of the 

Non-stal- 

Non-staling. 

Non-staling. 

Non-Staling. 

growth. 

ing. 



t 

Zonation 

Absent. 

7 zones. 

4 wavy zones. 

Absent. 

1 

Sporulation. 

Poor, 

Good. 

Poor. 

Good. 

Range of size 

22-4 X 42 

8'4x8'4 ‘ 

19*6x11*2 

Prom less 

of spores in 

to 

to 

to 

than 2*8 to 

IX. 

44*8 X 5*6. 

60‘4X8'4. 

28x14. 

14x2*8. 

S e p t at i 0 n 

3-mode. 

Spores 

3-mode. 

A septate. 

mode. 


rauriform. 



Other forms 

Absent. 

Absent. 

Chlamy- 

Absent. 

of spores. 



dospores at 





periphery. 


Saltations. 

Absent. 

•• 

... 



Shape and character of spores : — 

No difference could be detected between the spores on 
this medium and those developed on Guava L 


8. Banana Decoction«Agar 

The bananas were obtained from the local market, where 
they were imported from Hajipur, Bihar. They are 
popularly known in the market as “chinia kela.’’ The skin 
had turned completely yellow and they were firm and 
fragrant. 

Average size, 10 x 2’5 oms. 

Preparation . — 

The skin of the bananas was peeled off and rejected, 
and 200 grams of the edible portion was weighed for the 
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preparation of the decoction in the same way as in previous 
experiments. pH, 4*4. The formula is:— 

Decoction from ... ... 200 grams of banana. 

Agar-agar ... ... 18 grams. 

Distilled water ... ... 1000 c.c. 

Range of temperature during experiment.— 2 r5°C - 23°C. 

G-raph 8 shows the course of the daily radial advance 
of the fungi on Banana. No. 6 showed a slight gradual fall 
in its daily rate, while No. 9 experienced a considerable fall. 
Nos. 7 and 10 each showed a rise and fall alternating with one 
another in their daily rates of growth. The best average 
rate of radial advance was obtained in No. 7 and the lowest 
in No. 9, while it was better in No- 10 than in No. 6. 


Macroscopic and microscopic characters 


Gharaoters 

No. 6 

No. 7 

No. 9 

No. 10 

Colour of the 
mycelium. 

V e n e t i a n 
Pink 

Two regions. 
Outer— Deep 
Olive Grey. 
Oentral,— 1 
cm. Olivace- 
ous Black (1). 

1 

Brownish 

Olive. 

Pale 

Pinkish 

Buff. 

Colour of the 
substratum. 

Absent. 

Absent. 

Absent. 

Absent. 

Development 
of the aerial 
mycelium. 

Abdent. 

Very good. 

Good. 

Best of all 
media. 

Nature of the 
growth. 

Non-staling. 

Non-staling. 

Staling 

Non- 

staling 

Zonation . . . 

Very faint. 

7 faint zones. 

Absent. 

Absent. 

SporulatioD 

Very good. 

Good. 

Poor. 

Very good. 

Range of size 
of spores in 
microns. 

19'6x 4 2 
to 

60*4 X6U 

11*2x6*6 

to 

47*6x12*6. 

26*2x12*6. 

From less 
than 2*8 to 
14x2*8. 
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Gbaraoters 

No. 6 

No. 7 

No. 9 

No. 10 

Se p tation 
mode. 

3-mode 

Spores 

muriform. 

3-mode 

Aseptate 

Other forms 
of spores. 

Absent 

Absent 

Chlaraydos- 
pores in 
abundance 
on the 
substratum 

Absent 

Saltations 

Present 

Absent 

Present 

Absent 


Shape and character of spores 

No. 6. — The spores were straight or curved ; the end 
cells either pointed or blunt, the latter more 
common. 2- to 5-septate ; highly vacuolate and 
the cells somewhat bulged out laterally; 
hypertrophy rare. The end cells germinate 
into a hypha. Some of the spores were 
joined in pairs, by a hyphal process, given out 
by one of the cells of the spores, a sort of 
H-connection being formed, and reminding 
one of conjugation. The significance of this 
was not clear. (See figure 17.) 

No. 7. — Spores similar to those described on Brown’s 
starch except that tbe walls here were 
smooth, and most of the spores transversely 
divided. 

The production of colour was a distinct feature of this 
medium excepting the case of No. 10. 

Saltations . — 

In No. 6. they appeared on the 8th day of the culture 
and grew faster than the parent colony. (See figure 18.) 
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The distinctive characters of the saltants were:— - 


Oharaoters 

Parent 

Saltant 

Colour of the aerial 
rayoeliura. 

Venetian Pink. 

Pale Pinkish Buff. 

Development of the 
mycelium. 

Absent. 

Good development. 

SporulatioD. 

Very good. 

More profuse. 

Shape of spores. 

Curved or straight, 
bluntly pointed, 

vacuolate, cells 
bulged and atro- 
phied. 

Cells are not atro- 
phied. Sharply 
pointed, straight and 
non-vacuolate. (See 
figure 19.) 

Septation mode. 

1 

3-mode 

5-mode. 


Distinctive characters of the saltant of No. 9 and its 
parent. 


Characters 

Parent 

Saltant 

Colour of the aerial 
mycelium. 

Brownish Olive. 

Deep Olive-Gray. 

Sporulation. 

Spores present. 

Almost non-sporing. 

Shape of the spores. 

As described for 
Brown's starch. 

More irregularity in 
shape. 

Size of the spores. 1 

25*2X12'6 p. 

47*6x5*6 p. 

Septation. 

Uniformly S-septate 

Mostly 3. Rarely 4- 
septate. (See figure 
. 21.) 

Chlamydospores. 

Present. 

Absent, even when 
grown on Brown's 
starch. 


A stndy of the chart here also shows that the saitant had 
characters quite distinct from those of the parent. Even the 
conservative structures, e.g., the spores aiso exhibit changes. 
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9. Orange Juice-Agar 

The oranges uesd in this experiment were from Q-orakh- 
pur, U.P. They were very sweet. 

Average size ; 5 x 6 cms. 

Preparation . — 

The oranges were peeled off, and the fibres were also 
removed from the skin of the segments, which were then 
weighed. It was easier here to extract the juice without 
boiling the segments, so they were cut open, crushed and 
filtered. pH, 4. 2. The formula is : — 

Juice from ... 200 grams of orange pulp. 

Agar-agar ... 18 grams. 

Distilled water ... 1000 c.c. 

The medium did not set, it remained permanently in a 
semi-solid state in the plates. 

Range of temperature during the experiment. — 22°C — 
24°C. 

Graph 9 shows that the daily growth rate of No. 6 fell 

after a single rise within the first 6 days. No. 7 showed a 

daily fall op to the 6th day and then a rise. No. 9 showed 
a general fall in its rate after the 4th day and then again 
a rise and a fall in its rate of growth. On the basis 
of average daily rate of radial advance the four fungi 
can be arranged in this descending order : Nos. 10, 6, 7 
and 9. 


Macroscopic and microscopic characters 


Characters. 

No. 6 

No. 7 

No. 9 

No. 10 

Colour of the 
myoeliuin. 

Tilleul- 

Buff. 

Centre- 
Dark Olive. 
Outer— Yel- 
low i s h 
Olive. 

Dark Olive 
Gray. 

Pale Pinkish 
Buff. 
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Charaoters 

No. 6 

No. 7 

No. 9 

No. 10. 

Colour of the 
substratum. 

Absent. 

Absent. 

Absent. 

Absent. 

Development 
of the myce- 
lium. 

Absent, 

Good. 

Very good. 

Very good. 

Nature of the 
growth. 

Non- 

staling. 

Non-staling. 

Staling. 

Non-staling. 

Zonation. 

Very 
faint. ! 

6 zones, with 
3 outer ones 
fainter. 

Absent. 

Two zones. 
Central — 
Loose my- 
celium. 
Outer — thick 
compact. 

Sporulation 

Poor 

Good 

Very poor 

Good 

Range of size 
of spores in 
microns. 

16*8x4*2 

to 

42x6*6. 

5*6 X 6*6 
to 

47-6x8*4. 

22*4 X 11*2. 

3-mode. 

Prom less 
than 2*8 to 

11*2x2*8. 

Sep tation 
mode. 

3-mode. 

Spores 

muriform 

3-mode. 

Aseptate. 

Other forms of 
spores. 

Absent. 

Absent. 

Chi a m y - 
dospores in 
abundance. 

Absent. 

Saltations, 

Absent. 

Absent. 

Present. 

C o 1 0 u r — 

! Deep Gull 
Gray. Non- 
sporing. 

1 



10. Papaya Decoction* Agar 

The papaya used in the experiment was obtained from 
one of the local gardens* The fruit was quite sound, ripe 
and firm. The skin had almost turned yellow ; it was 
15x10 cms. in size* 
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Preparation . — 

The skin and the seed portions were removed and only 
the pulp was used for the preparation of the decoction. pH, 
6*2. The formula is : — 

Decoction from ... ... 200 grams of papaya. 

Agar-agar ... 18 grams. 

Distilled water ... ... 1000 c.c. 

Range of temperature of experiment.— 21*5^0 — 24^0. 

Q-raph 10 shows that the rate of No. 6 first fell and 
then rose. No. 7 showed an alternating fall and rise. No. 9 
showed a fall first and then rise and again a considerable 
fall in its rate of daily advance. No. 10 showed an alternat- 
ing rise and fall in its rate. A uniformly good rate of 
growth of all the fungi was obtained on this medium. A 
series can be arranged in the descending order of the growth 
rates of the fungi : Nos. 10, 6, 9 and 7. 


Macroscopic and microscopic characters 


Characters 

No. 6 

No. 7 

No. 9 

No. 10 

[ 

Colour of the 
mycelium. 

Palo salmon 
colour. 

M a r g i n — 
Olive Buff. 
Colon y — 
Dark Green- 
ish Olive. 

M a r g i n — 
Pinkish Buff. 
Co 1 0 n y — 
Pale Olive- 
Grey. 

Pale Pink- 
ish Buff. 

Colour of the 
substratum. 

Absent, 

Absent. 

Slate-Grey. 

Absent. 

Development 
of aerial my- 
celium. 

Absent. 

Poor. 

Good. 

Good. 

Nature of the 
growth. 

Non-staling. 

Non-staling. 

Non-staling. 

Non-staling 

Zonation. 

5 faint zones. 

1 6 zones. 

8 faint zones. 

Absent. 

Sporulation. 

Poor. 

Good. 

Good. 

Good. 

Range of size 
of spores in 

22*4 X 4*2 
to 

44*8 X 6*6. 

11*2 X 5*6 
to 

63-2 X 8*4. 

26*2 X 11*2. 

Prom less 
than 2*8 to 
19*6X4*2. 


S. 17 
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Gbaraoters 

No. 6 

No. 7 

No. 9 

No. 10 

Septati 0 d 
mode. 

6-mode. 

Spores muri- 
form. 

3-mode. 

Aseptate 

Other forms of 
spores. 

Absent. 

Absent. 

i 

Ohlamy- 
dospores on 
substratum. 

Absent. 

Saltations . . . 

Present. 

Absent. 

1 



Shape and character of spores ; — 

The spores were similar to those on Brown’s starch in 
Nos. 6, 9 and 10. 

No. T.— Spores similar to those on Brown’s starch, in 
addition to their thick walls, which exhibited very prominent 
surface roughness. 

Papaya produced colour zones in Nos. 7 and 9. The colour 
of the substratum was developed only in No. 9. The results 
in the development of aerial mycelium were fairly satisfactory 
except in No. 6, a pionotal type. Zonation was indistinct, 
though common to all fungi except No. 10. The production 
of the spores was quite good in all the fungi, except No. 6, for 
which the medium proved poor in several other respects also. 
The septation mode in the parent rose to 5. The development 
of chlamydospores was similar to those of the other media. 
The medium also produced saltants in No. 6, which differed 
from the parent colony in the following characters : — 

1. Colour ... ... Pale Pinkish Buff. 

2. Mycelium ... Gqod development. 

3. Septation mode ... 3. 

4. Spores ... ... Smaller than the parent. 

The medium on the whole is very good for the study of 

growth rates, sporulation, saltations and chlamydospores. 
Due to its low cost and simple method of preparation, it is 
the second best medium thus far met with in tliis work for 
the study of the fungi. 
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ni. COMPARISON OF THE DIFFERENT MEDIA 
Growth Bate. — 

As seen from the table, the largest colonies were obtain- 
ed on Apple 1, keeping in mind all the four fungi. The 
second largest were those on Papaya. 

The average rate of radial advance was calculated from 
9-day old cultures. The following tables give the compara- 
tive rates of radial advance on the different media. All 
measurements are given in centimetres. 

Orotothrateof No. 6 . — 


Medium. 


Growth Rate. 

1. Apple I 

••• 


•614 

2. Papaya 

... 


•56 

3. Brown’s starch 


•448 

4. Grape I 

• • • 


•44 

5. Banana 

• •• 


*437 

6. Grape II 

• •• 

• • • 

•433 

7* Orange 

• •• 

• • s 

•433 

8. Apple II 

• • • 


•424 

9. Guava I 


... 

•325 

10. Guava II 


... 

•314 

Growth rate of No. 7 . — 

Medium. 

1. Grape I 1 

2. Grape II J 

• • • 

Growth Rate. 

... -565 

3. Guava 11 

* • * 

• « • 

•523 

4. Papaya 

• • • 

• •• 

•51 

5. Apple I 

... 

• • • 

•506 

6. Banana 

• » • 

• • • 

•491 

7. Guava I 

• •• 


•473 

8. Apple 11 

• •• 

• • • 

•46 

9. Orange 


• • • 

•41 

10. Brown’s starch 

• • • 

*335 
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Growth rate of No. 9. — 


Medium. 


Growth rate. 

1. Apple! 


... -913 

2. Papaya 

... 

... -524 

3. Grape I 

• •• 

... -481 

4. Grape II 


... -476 

5. Brown’s starch 

... -410 

6. Guava II 


... -334 

7. Banana 

• •• 

... *320 

8. Apple II 


... -310 

9. Orange 


... '262 

10. Guava I 


... -187 

Growth rate of No. 10. — 
Medium. 


Growth rate. 

1. Apple I 

« • • 

... ‘-59 

2. Papaya 

• ♦ • 

... -576 

3. Grape 11 

# • # 

... -541 

4. Grape I 

• • • 

... -54 

5. Orange 

• •• 

... -51 

6. Apple II 

... 

... -48 

7. Guava II 


... -456 

8. Banana 

... 

... -455 

9. Guava I 

... 

... -443 

10. Brown’s starch 

... -421 


Taking into consideration all the characters it can be 
safely concluded that the rate of growth alone is no criterion 
of the value of ^ medium. The same has been also found by 
Mitra (16) working with thO same four fungi. Stevens and 
Hall (8, p. 15) state that “no correlation is noted between 
the rapidity of linear growth and the nutritive value of the 
medium. In many instances most rapid linear growth 
occurred in what was surely the poorest medium." 

Colour production . — 

Attention was drawn in the account of the previous 
experiments to the fact that all the four fungi differ from one 
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another in colour production on the same medium. When 
grown on diflFerent media, a change in the intensity of tlie 
colour was noticed but the basic colours remained the same. 
The basic colours for the four fungi were : — 

Jife. b ••• ••• ••• TinK. 

No. 7 ... ... ... Olive. 

No. 9 •.. -- ... Brown. 

No. 10 ... ... Pink. 

On the different media different shades of these colours 
were produced as shown in the chart given for each experi- 
ment. The greatest variability in colour was shown by 
Nos. 7 and 9, where the shade of even the basic colour was 
sometimes slightly different. These observations suggest 
that the presence of the basic colour on all the media is due 
to a factor for colour production inherently present in each 
fungus. The appearance of different shades of that basic 
colour would at once suggest the effect of the different media 
in bringing about these modifications. Hence it can be 
concluded that media are partially responsible for the 
production of colour in fungi. It may be stated hei e in a 
general way that the intensity of the colour of the aerial 
mycelium was observed to fade with the age of the culture, 
while the colour of the substratum intensified with age. 
Development of the aerial mycelium . — 

The development of the aerial mycelium on the different 
media may be classed as (t) luxuriant ; (ii) good ; {in) poor ; 
(it») absent, and is shown below for the different fungi. They 
are arranged in a descending order : — 

In No. 6 . — 

(i) Luxuriant ... ... on no media. 

(«) Good ... ... on no media. 

(tii) Poor ... ... on Grape I and Grape 11. 

(iv) Absent on Apple 1, Apple II, 

Guava 1 and II, Banana, 
Orange and Papaya. 
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This fungus is one of the pionotal forms of Ftmarium, 
which do not develop any aerial mycelium- 


In No- 7 . — This fungus develops aerial mycelium on 


all the media. 

(i) Luxuriant 
(n) Good 

(wi) Poor 

(i») Absent ... 
In No. 9.— 

(i) Luxuriant 

(ii) Good ... 
(Hi) Poor ... 

(iv) Absent 


... on Banana. 

... on Guava 11, Grape 1 1 , 
Guava I, Grape I 
and Orange. 

... on Apple 11, Brown’s 
starch, Papaya and 
Apple 1. 

... on no media. 

on Guava II, Guava 1, 
Orange, Grape II, and 
Grape I. 

on Papaya and Banana, 
on Brown’s starch, Apple I 
& Apple II. 
on no media. 


In this fungus luxuriant growth is obtained on 5 out 
of 10 media used. 


In No. 10 . — 

( i ) Luxuriant 

(ii) Good ... 

(iii) Poor ... 
(io) Absent 


... on Banana, Brown’s starch 
and Orange. 

... on Guava II, Guava 1, and 
Papaya. 

... on Grape II, and Grape 1. 
... on Apple II and Apple 1. 


In respect to the development of aerial mycelium, taking 
into account all the four fungi, the media stand in the 
following descending order : 

Bpnana, Guava II, Guava I, Orange, Grape II, Grape I, 
Brown’s starch, Papaya, Apple II, and Apple 1. 
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It was observed that the development of the aerial 
mycelium was better on media of higher than those of lower 
concentrations. These results are in agreement with those 
of Sawhney (13, p. 141), who states that, “the aerial 
mycelium is well developed in higher concentrations and 
diminishes in lower concentrations.” However, this was 
not very well marked between Apple I and Apple II. It 
was also better on Cluava II than on Guava 1, showing 
that green guavas give better results than the ripe ones. 
Nature of the growth . — 

Nos. 6 , 7 and 10 did not produce “ stale cultures” on 
any of the media used. “Staling” growth was only 
observed in No. 9. With respect to this fungus, the media 
may be divided into two groups : 

1 . Non-staling ... Brown’s starch, Apple I, 

Grape I and Grape II, 

Guava II and Papaya. 

2 . Staling ... Apple II, Guava I, Banana 

and Orange. 

A comparison of these results with those of the develop- 
ment of the aerial mycelium in No. 9 will show that a good 
growth of aerial mycelium is associated with the “ staling ” 
media. The cause of “staling” is attributed by Brown (9) 
to the liberation of COj and NH 3 in the metabolic processes. 
He says that these gases after diffusion are again absorbed 
by the medium at the growing margin of the colony, thus 
making it less suitable for growth. Balls (3) attributes the 
tendency of formation of aerial mycelium to the accumulation 
of poisonous excreta and thus the aerial byphae return to the 
surface. The results obtained for No- 9 suggest that this 
fungus gives out much “staling products’’ in its growth. They 
are absorbed and accumulated at the margins of the growing 
regions. The hyphae instead of growing further, return to 
the surface and increase the bulk of the aerial mycelium. 
Thus in No. 9 there results an association of “staling”. 
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Zonatmi.--^ 

Some attribute zonation in colonies due to the alternat- 
ing effect of light and darkness. This explanation is not 
supported by the experimental results in total darkness. 
The factor for producing zonation in the colony seems to be 
an inherent one, which is pronounced or suppressed accord- 
ing to the nature of the medium. In this work zonation 
varied even in the same fungus on differet media. The same 
medium also gave varying results for the different fungi. 
Similar results were also detained by Mitra (17). 

Zonation in No» 6. — 

(i) Papaya ... 5 faint zones. 

(ii) Apple It ... 4 faint zones. 

(Hi) Apple I, Banana, | Very faint zones ; visible 
and Orange. j against light. 

Zonation was completely absent from the colonies on 
other media. 

Zonation in No. 7. — 


In the following chart the media are arranged in the 
order of the number of zones they develop: — 


Medium. 

1 

No. of Zones, i 

Colour Zones 

1. Guava I 

■ 

7, distinct 

Outer— Buflfy-Olive. 

Inner — Dark Olive. 

2. Guava II 

7, distinct 

Outer — Grayish-Olive. 

Inner — Dark Olive. 

3. Banana 

7, distinct 

Outer — Deep Olive Gray. 
Inner — Olivaceous Black (1). 

4. Orange 

6, distinct 

Outer — Yellowish Olive. 

Inner — Dark Olive 

5. Papaya 

6, distinct 

Outer — Olive Buflf. 

Inner — Dark Greenish Olivo. 

6. & 7. Apple I 
and Apple II. 

5, distinct 

Colourless. 


a 18 
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Medium. 

Number of Zones. 

Colour Zones. 

8. B r 0 w n’s ... 
staroh. 

4, faint 

Outer— Pale Olive Bufif. 
Inner— Dark Olive. 

9. Grape II 

3, distinct 

Outer — Vetiver green. 

Middle — Deep Olive. 

Inner — Dark Olive. 

10. Grape I ... 

2, distinct 

Outer— Buflfy Olive. 

Inner— Dark Olive. 


All the media, except Apple I, and Apple II, formed 
colour zones in this fungus. These colour zones were well 
marked from the growing zones. 


Zonation in No. 9. — 

Brown’s starch. Banana and Orange did not develop 
zonate colonies in this fungus* The media are arranged 
below in descending order according to the number of 
zones : — 


Medium. 

Number of Zones. 

Colour Zones. 

1. Apple I 

5, distinct 

Colourless. 

2. Guava I 

4, distinct 

Outer— Saccardo^s umber. 
Inner — Tawny Olive. 

3. Guava II 

4. distinct 

Outer— Cinnamon Buff. 

Inner — Tawny Olive. 

4. Apple II 

3, distinct 

Colourless. 

6. Papaya 

3, distinct 

Colourless. 

6. Grape I 

2, distinct 

Outer — Safrano Pink. 

Inner — Olive Brown. 

7. Grape II 

8. B r 0 w n's 1 

staroh 1 

9. Banana 

and 

10. Orange 

1 

2, distinct 

None 

Outer— Safrano Pink, 

Inner— Olive Brown, 

Colourless. 

% 
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On Q-nava I and G-nava II the margins of the zones were 
wavy, giving the colony a floral shape. (Photo 6.) 

Zonation in No. 10 . — 

None of the media used, form zonate colonies in this 
fungus. On Orange, only a faint zonation was formed. 
This was marked into two mycelial regions. The outer had 
compact mycelial growth and the inner was distinguished by 
the loose nature of the mycelium. 

Sporulation . — 

The following chart shows the position of the 
media according to abundance of spore-production in the 
four fungi: — 



’ No. 6 

No. 7 

No. 9 

No. 10 

Poor.— 

Papaya, 
Brown’s starch, 

' Apple I & II, 
Grape I & II, 
Guava I & II, 
and Orange. 


Orange, 
B r 0 w n ’s 
starch, 
Apple I & II, 
Guava I & II, 
and Banana. 


Good. — 

• 

Or a n g e, 
P a p a y a , 
B r 0 w n ^8 
starch, Apple 

I & II, Banana, 
Guava I & II. 

Papaya, 

Papaya, 
Brownes starch 
Guava I & II, 
Apple 11 and 
Orange. 

Very 

Good. 

Banana. 

Grape I & II. 

Grape I 
Grape II. 

Apple I. 
Grape I & II 
and Banana. 

1 


Taking all the four fungi into consideration, the media 
can be arranged in this descending order of spore- 
production: — 

Grape I and Grape II, Banana, Papaya, Apple I. The 
rest of the media were almost equal in their spore- 
production. 
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Bange of size of spores and chlamydospores . — 

A change in the range of the size of spores was noticed 
on different media. Using length of spores as the basis, 
the range of the size of spores is given in different experi- 
ments. The largest spores in No. 10, were obtained on 
Apple II. The formation of chlamydospores was exclusively 
restricted to No. 9, (Figures 7 and 14). They were developed 
on all the media except Brown’s starch. They usually 
developed after the 8th day of inoculation. In the begin- 
ning they arise on the surface of the substratum below the 
aerial mycelium and later spread all over the medium. On 
Grape I and II, distinct triangular patches of chlamydospores 
were developed at the periphery of the colonies (Photo 4). 
The hyphae of No. 9 were usually coiled, twisted and 
intertwined ( Figure 5 ). This feature was the most 
pronounced in cultures on Brown’s starch after 20 days. 
At certain places these hyphae were seen to form compact 
masses, having the appearance of sclerotia. 

Septation mode — 

In this work, a change in the septation mode was 
observed on the media. This change was quite frequent 
and noticeable in No. 6. The septation mode was constantly 
3 in No. 9. In No. 7, the spores being differently-shaped 
and muriform, no septation mode was calculated. The 
spores in No. 10 were aseptate uniformly. The following 
table shows the arrangement of media according to 
decreasing septation mode in No. 6: — 

Medium Septationmode Medium Septationmode 

1. Brown’s starch. 5. 2. Papaya. 5. 

3. Apple I. 4. 4. Apple II. 3. 

5. Others. 3. 

Shape and character of spores : — 

The spores were compared with those on Brown’s 
starch. They are described fully in the preceding pages, 
and only special features will be mentioned here. 
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The spores of No. 6 exhibited prominent granularity 
and refractive globules on G-rape I and 11. These features 
were also noted in the spores of other fungi on these media. 
No. 6 also exhibited bulging of cells, which feature was also 
present on Guava I and II, Banana, Orange and Apple II. 
On Guava I and II, this bulging of the cells was found to 
disappear with age. Wherever the cells were bulged out, 
crescent-shaped spores were rare. 

The spores of No. 7 showed rough, indented spore- 
coats on Grape I and II, Orange and Papaya. 

The spores of No. 9 were generally uniform in shape and 
features, but on Guava I and II, and Orange there were also 
straight and ellipsoidal spores in addition to the carved ones. 

The spores of No. 10 were largest on Apple 11 ; but 
no difference in their shapes and character could be noticed 
on any of the media. 

Grape I and II had a tendency to produce granularity 
in the spores of all the fungi. (Figs. 10, 11, 12 and 13.) 

Saltations . — 

Saltations were observed on 4 out of the 10 media and 
in 2 out of the 4 fungi used. The best saltants were deve- 
loped on Banana in Nos. 6 and 9 (Figs. 18 and 20). Next 
came Brown’s starch, which also produced saltants in Nos. 
6 and 9 (Photo 1 and 2). These were well developed and 
distinct. Papaya and Orange also produced saltants in 
Nos. 6 and 9 respectively. These were not as sharply 
defined as the preceding ones. All these saltants are fully 
described in connection with the different media. The 
cause of their development is not yet fully understood. Here 
it is fully evident that their formation is in some way con- 
nected with the nature of the medium, as they appear only 
on certain media and not on others. Grape I and II are 
recommended as media for cultural study of the fungi, if one 
wishes to avoid saltants. 
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Taking into account the development of important 
characters of the fungi, and the cost of preparation the 
author would recommend the media in the following order : — 

1. Banana decoction-Agar ... ... Best. 

2. Papaya decoction-Agar. 

.3. Grape decoction-Agar, No. I. 

4. Grape decoction-Agar, No. 11. 

5. Brown’s starch-synthetic medium. 

6. Green guava decoction-Agar, No. IL 

7. Orange juice-Agar. 

8. Apple decoction-Agar, No. I. 

8. Apple decoction-Agar, No. II. 

10. Ripe guava decoction-Agar, No. I ... Poorest. 


IV. SUMMARY 

]. Four Deuteromycetes (No. 6, Fusarium sp. ; No. 7, 
Macrosporium sp. ; No. 9, Acrothedum sp. ; and No, 10, Spicaria 
sp.) were grown and their variations studied on ten natural media 
prepared from extracts of Apple, Grape, Guava, Banana, Orange 
and Papaya. All these media were acidic in reaction. Brown’s 
starch was included for purposes of comparison. 

2. The best rates of growth were obtained on Apple I and 
Papaya and the poorest on Guava I and Orange. 

3. Colour of mycelium varied more or less from one medium 
to another. 

4. Development of aerial mycelium was better on media of 
higher concentrations than those of lower concentrations. It was 
also better on green Guava than on Ripe Guava. The best results 
are obtained on Banana and Guava and the poorest on Apple I and 
Papaya. 

6. Best development of zonation was obtained on Guava I and II, 
and the poorest on Brownes starch, Banana and Orange. 

6. The best sporulation was obtained on Grape I and II, and 
Banana, While the poorest was on Guava I and II, and Apple II. 

7. Spores showed variations in constitution, shape, size and 
even septation mode on certain media, most on Banana. 
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The best saltations were on Banana and Brown’s staroh and 
the poorest on Papaya and Orange, while the rest of the media 
gave negative results. 

9. Ohlamydospores were produced abundantly on all the 
media except Brown’s starch. They appeared in triangular patches 
at the periphery of the colonies on Grape I and 11. 

10. Because of low cost, ease of preparation and excellent deve- 
lopment of the fungi on them, Banana, Papaya and Grape I and II 
are specially recommended. 

In conclusion, the author acknowledges his indebtedness to 
Prof. J. H. Mitter for suggesting the problem and his guidance in 
this work, and to Mr. R. N. Tandon for his help in the preliminary 
myoological work. 
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VI. EXPLANATION OF PHOTOGRAPHS & FIGURES 

1. No. 6, showing saltations. Thp white regions represent the 
saltants having good myoelial growth, while the darker 



Plate I 








Plate II 
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region is the parent, whioh is pionotal type. On the 
whole the saltants are seen to oooupy more area than 
the parent colony. 

2. No. 9, showing saltations in the colony at the periphery. 

Five dark sectors represent the saltants, while the parent 
colony is seen to occupy more area. 

3. No, 7, on Apple 1, showing zonation in the colony. Light 

and dark zones can be seen alternating with one another. 

4. No. 9 on Grape I is seen to develop distinct tiiangular 

patches, a, at the periphery. These are regions of 
ohlamydospores. The fungal colony is also seen to show 
wavy zonation. 

o. No. 9 on Guava I is seen to show its “ staling ” nature of 
growth. The development of aerial mycelium is less 
here than that shown in Photo 6. 

H. No. 9 on Guava II is seen to show its “ staling ” nature 
of growth. The development of aerial mjjcelium is shown 
better than in Photo 5. It is also seen to show a floral 
shape of its colony. 

7. No. 9 on Orange is seen to show broad wavy zones and 
saltants, b. 

Figures. ~ 

1. Spores of No. 6 on Brown’s starch. 

2. Spores of No. 7 on Brownes starch. The wall of one is 

shown warty. 

3. Spores of No, 9 on Brown’s starch. 

4. Spores of No. 10 on Brownes starch. 

5. No. 9 on Brown’s starch, showing the nature of the 

mycelium, whioh is peculiarly coiled, twisted and 
intertwined. 

6. Spores of No. 0 on Apple I. 

7. No. 9 on Apple I, showing a chain of ohlamydospores 

at various stages of their development. 

8. Spores of No. 6 on Apple 11. 

9. Spores of No. 10 on Apple II. They were hyaline and 

very slightly granular in the middle. 

10. No. 6 on Grape I, showing granular and vacuolate nature 
of spores on the 8th day. On the 20th day they change 
their shape and natxire as shown. 


8. 19 
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U. Spores of No. 7 on Grape I, showing the granular 

nature. 

12. Spores of No. 9 on Grape I, showing the granular nature. 

13. Spores of No. 10 on Grape T, showing the granular 

nature. 

14. No. 9 on Grape I, showing chains of ohlamydos pores 

at various stages of their development. 

15. Spores of No. 6. on Guava I, showing the vacuolate 

nature. Two of the spores are seen to germinate by 
their end cells. 

16. Spores of No. 7 on Guava I, showing warty walls. 

17. Spores of No. 6 on Banana. Two pairs are seen to be 

joined, reminding one of ‘‘ooniugation^\ One spore is 
seen to germinate by its end cell. 
iH. Spores of Saltant of No. 6 on Banana 

19. Spores of Saltant of No. 9 on Banana. Some of the 

4-septate spores are also shown. 

20. Spores of No. 7 on Papaya, showing the characteristic 

warty walls of the spores 
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NOTES ON TREMATODE PARASITES OF 
INDIAN BIRDS 


BY 

S. €. VEEMA, 

Department of Zoology, The University of Allahabad.. 


INTRODUCTION 

The material which forms the subject of this communi- 
cation consists mainly of the author’s own collection, 
extending over a period of over four shooting seasons in 
the United Provinces and the collection lent by the 
Tropical School of Medicine Calcutta and the Zoological 
Survey of India. For this I express my deep indebtedness 
to Dr. Baini Prashad, Director of the Indian Zoological 
Survey and to Dr. P. A. Maplestone, Officer in charge, 
Hookworm Research Laboratory. My best thanks are 
also due to Dr. B. Mirza, Director Zoological Laboratories, 
Muslim University, Mr. Lachmi Sahai Veterinary 
Research Officer Behar, Mr. Dharam Narain, Professor of 
Biology, Kayasth Pathshala College, and Prof. M. A. 
Moghe of the College of Science Nagpur for some valuable 
material. I am also grateful to those friends who did a 
lot of shooting for me here, in Bengal and in Orissa. 

The intention of the author was to bring out a 
monograph on the Trematodes parasites of North India 
with special reference to water and Shore Birds and this 
is in course of prepaation. But, recently, with the 
growing knowledge of forms made available, other workers 
in the country have also started working on the same forms. 

147 



148 


THE ALLAHABAD UNIVERSITY STUDIES 


Therefore, the present paper is in the nature of a 
preliminary report giving sufficient details of such forms 
as have already been worked up. This is intended to save 
my four years labour and also to facilitate the work of 
such others who may feel interested in the study of these 
parasites. The original paper with figures of forms 
mentioned here will soon follow in parts. 

In the end I wish to convey my gratitude to Dr. D. R. 
Bhattacharya, Head of the Department for his ready help 
and guidance in this work. 


Family ECHINOSTOMATIDAE Pochc, 1926. 

Genus I. ECHINOSTOMA Rudolphi, 1809 

Four forms of the genus, Echinostoma, have been 
collected and studied from four different hosts, and brief 
notes about all of them are given here. 

1. Echinostoma bhattacharyai n. sp. 

Description . — Body elongated, spiny, sides nearly 
parallel, both ends rounded, broadest in region of 
acetabulum ; size 57 x 105 : head collar, 0-3 x 0 463, with 
35 spines, 5 on each side form the ventral end group, 4 or 
5 are laterally placed, the rest in uninterrupted double 
row, along dorsal side; end spines and dorsal spines of 
nearly same size, 0 050 x 0 0168 ; oral sucker subterminal 
0185 X 0 235 ; prepharynx short : oesophagus slightly 
longer than collar 0-336 : ventral sucker in anterior fifth 
of body, 0-924 distant from front end, large, circular 
0713x0-798: cirrus sac short, antero-dorsal to acetabu- 
lum, seminal vesicle elongated, and cirrus curved; 
genital pore between sucker margin and intestinal 
fork; caeca reach near posterior -end ; ovary transversely 
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oval, nearly equatorial, 0134 x 018, about 1-0 behind aceta- 
bulum, median : shell gland mass larger than ovary, 
between it and first testis : anterior testis 3 07 behind 
anterior end, margins irregular, ovoidal in outline; 
size 0’463 x 0 302 ; posterior testis more elongated and 
separated from the anterior by 0-50, size 0-506x0285, 
shape elongated oval, margin feebly rugose : post testicular 
space 1-6 : vitellaria lateral, partly or entirely overlapping 
caeca, from behind acetabulum to near end of caeca : uterus 
coils from shell glands to ventral sucker, walls indistinct; 
eggs about 25, operculated, large, 0091 — 01092x0-067 — 
0072 in size. In small intestine of black-winged stilt, 
Mainpuri : U.P. 

The above species differs from all those with same or 
nearly same number of collar spines, in the relative posi- 
tion and sizes of the various internal organs, and hence 
designated after the Head of the Department, as a token 
of gratitude for his ever ready and ungrudging help. 


2. Echinostoma creed n. sp. 

Descriftion . — Body elongated, flattened, minute spines 
detected over anterior half; anterior end slightly more 
tapering than posterior, broadest in the region of the ovary : 
size in life varied from 5 — 8x1 — 1-25, on fixation 88x14: 
head collar 0-3 x 0-506, with 32 spines, 4 in each ventral 
end group, 0-058 x 0-025 larger and stouter than others 
0-039 X 0 016 ; the arrangement in two rows seen in case 
of some dorsal ones only: oral sucker nearly terminal, 
0-144 X 0-21 : prepharynx short : pharynx 0 135 x 0 143 : 
oesophagus long 058, and broader than caeca: ventral 
sucker in anterior fourth of body, 1-275 distant from 
nearest end, prominent, circular, 0638 x 0-705 : cirrus sac 
along anterior border of acetabulum, seminal vesicle promi- 
nent at base, cirrus convoluted; genital pore to one side of 
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median line, between sucker and intestinal fork, ovary 
transversely ovoidal, 0 27 x 0-336, on equatorial line, 2-5 
behind acetabulum : oviduct distinctly seen arising from its 
middle : shell gland mass larger than ovary, partly over- 
lapping it : testes roundish with irregular margin ; ante- 
rior 0-59 — 0-44 close behind shell gland; posterior 0555x 
0 42 nearly 016 behind anterior : post testicular space 268 : 
vitellaria from about 0-75 behind acetabulum to posterior 
end, lateral, overlapping caeca here and there up to second 
testis, behind it run in and meet one another; follicles 
large, well developed : uterus long, coils between ovary 
and acetabulum, fills intervitellarial space; eggs numerous, 
large spindle-shaped, 01092 — 0-1176 x 0058 - 0067. In 
intestine of common teal, Allahabad, 

The only species known to me with an equal number 
of collar spines is Echinostomum govindum Moghe, 1932, 
described from India, from another bird. But this is a 
comparatively larger form, and has a shorter forward 
reach of the vitellaria than the other Indian species, and 
also very distinctly different in other characters. There- 
fore it is named after its host. 


3. Echinostoma mdvimus n. sp 

Description . — Body comparatively small 50 x 0-9, 
without spines and with sides nearly parallel, excepting 
near the posterior end which is gradually tapering; ante- 
riorly a neck with a broadly truncated collar ; body broadest 
in region of acetabulum ; head collar strongly muscular, 
well developed, 0-352 x 0506 ; spines on dorsal surface in 
two rows, 0-0624 x 0 0168 ; number uncertain owing to some 
having dropped; oral sucker terminal with mouth open- 
ing ventro-terminal, 021x024: prepharynx nearly equal 
to pharynx, 0 168 x 0-185 : oesophagus. 0-51 long and about 
twice as broad as intestinal caeca : ventral sucker, 067 x 
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0 63, goblet-shaped, with thick muscular walls ; at one third 
body length from head end: cirrus sac oval, 0336 long, 
partly overlapping acetabulum : genital pore at level of 
intestinal bifurcation, median : ovary and testes all 
roundish, subglobular, equidistant from one another ; 
ovary 0165 in diameter, 1-25 behind ventral sucker, clearly 
behind middle length of body : shell gland about as big as 
ovary, overlapping it in part : anterior testis 0 36 x 0-30. 
posterior but slightly longer, post testicular space 14: 
vitellaria follicles small, rounded never crowding much; 
from behind acetabulum to 0-37 ahead of hind end, strictly 
confined to lateral field, occasionally overlapping cacea but 
never extending much inwards : uterus between ovarv and 
ventral sucker, intercaecal; eggs broadly oval about 50 
in all, 0 1176 — 0-126 X 0 062 — 0 067; excretory bladder 
distinctly seen, in mounted specimen extending to posterior 
testis and bifurcating; it appears four-chambered; pore 
subterminal In intestine of Black Swan, Patna, 
Behar. 

Leaving aside the number of collar spines to be deter- 
mined when more material is available, in its non-spiny 
cuticle, in its smaller size of vitelline follicles restricted to 
a narrow belt, and in the particular shape and comparative- 
ly smaller dimensions of its reproductive glands, it com- 
bines characters which distinguish it from forms like E 
Columbne Zunker, 1925, which has much smaller eggs, 
E. academica Skri'abin, 1915, which is spiny and about 
twice as big, E. erile Taitz, 1924, which is also -spiny and 
has a large number of eggs, E. nustrnlanian^m. Nicoll, 1914 
(1915) and the allied E. hilliferum Nicoll which differ in 
peculiar shape of posterior testes in half twists, and con- 
siderably larger body size, and E. corvi Yamaguti, 1934 
a much more stoutly built form with testes overlapping, 
numerous eggs and scale-like spines. Therefore I am 
certain that the form is new. 

F.20 
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4. Echinostoma longieirrus n. ap. 

Deseri'ption . — Body thin, elongated, neck region with 
margins ventrally curled, and neck often bent at an angle 
to posterior body, broadest in region of acetabulum, scale 
like cuticular spines, on neck more close, visible up to 
region of ovary ; size 5 — 7x09 — 12; collar more or less 
of same form and size as in E. minimus n. sp., head spines 
34, in two alternating rows, differing in size from one 
another; larger ones 0057 x 00165, smaller about two- 
thirds as long; end group of 3 spines : oral sucker 018 x 
021 ; prepharynx a little longer than oral sucker : pharynx 
smaller than oral sucker : oesophagus long, not thicker 
than intestinal forks, 05 long: ventral sucker 0-45 — 0-56 
in diameter nearly one third body length from head end ; 
cirrus sac conical, small, only partly overlapped by ace- 
tabulum; one specimen with cirrus exserted, very long 
0-34 x 0025: ovary round, small, behind middle of body, 
or nearly equatorial, 0-15 in diameter, midway between 
acetabulum and anterior testis : testes proportionately 
large, anterior subquadrate, posterior elongate, conical in 
outline, each testis twice as long and broad as ovary : 
vitellaria from level of hind margin of acetabulum to near 
posterior end, lateral up to hind testis, but approach one 
another behind; follicles large, dense: uterus short with 
few eggs, in one specimen only four, in the other larger 
one none : excretory bladder in the larger specimens 
appears two-chambered : pore ventroterminal, bladder 
leading into it by a narrow tube. In intestine of Mute 
Swan, Patna, Behar. 

As the two specimens on which the above description 
is based are both curved, they have been left to soften in 
alcohol glycerine, so as to straighten them for fuller study. 
Therefore this species is only provisionally considered new, 
because of the few eggs and the two-chambered excretory 
bladder. 
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Genus II. ECHINOPARYPHIUM Dietz, 1909 

Four forms of this genus also have been so far collected 
and studied. 

5. EcMnofary'phium, recurvatum variety Indiana, n. var. 

Descriftion . — Several specimens of this character- 
istically curved form were obtained from common snipe, 
and a few also from a brahmany duck. They body has the 
characteristic shape, bent over itself from behind ventral 
sucker, with the lateral margins of the neck curled 
ventrally. In the variable shape of its testes and the varying 
sizes of its spines noted by different writers like Dietz 
1909, Skrajabin 1915, and Yamagnti 1933, the specimens 
for different hosts and countries show sufficient range of 
variability. Even the body size has been stated to vary 
from 2-8 to 4-7. Only the number of collar spines is 
constant, namely 45. 

The size of my specimens comes within the range 
indicated above, but in its much larger cirrus sac, 042, 
(instead of 024-0-25 described for the parent species), 
which reaches to near posterior border of testes, and the 
comparatively larger size of the pharynx 0-126 x 0-08. 
instead of 0-063, and other minor features I consider my 
form to be a new variety. 

The full details of this are not given because of another 
closely similar form in which the number of spines on 
collar appear 47 instead of 45, obtained from one of the 
snipes. The latter is a species still under enquiry. 

6. Echinofaryfhium splendens n. sp. 

Description. — Body elongated, stout looking, 13-76 x 
2-5 just behind acetabulum : head collar 06x09, with 37 
spines ; 5 in each end group, stouter 0 084 x 0 0336, those 
along lateral and dorsal aspects in two rows of equal 
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length, 01092 x 0 0252 : prepharynx very short : oesophagus 
broadens posteriorly : ventral sucker 1-38 behind head 
end, very large 1-428 x 1-38; cirrus sac about 10 
long and half as thick, though lies in mounted specimen 
along anterior margin of acetabulum, it is not its natural 
position : genital pore to one side of median line : vitellaria 
as characteristic of genus, from near posterior end to some 
distance behind acetabulum; follicles dense and large, but 
those of two sides not quite touching each other, even 
behind testes ; ovary nearly in middle length of body, ovoid, 
transverse, slightly to one side of median line, 0435 x 0629 . 
uterus extends to behind shell gland, but main coils from 
ovary to sucker, with numerous eggs; testes regularly oval 
with smooth margins; anterior 0-67 x 0-629 near one third 
body length from hind end ; posterior 1 26 x 0 506 separated 
from anterior by a short gap of 027, and larger than 
anterior : post-testicular space 344 : eggs numerous 0-1176 
X 0-0756 in average size. In intestine of crows (rare). 

This species, is based on a single specimen obtained 
from about 100 house and jungle crows shot during two 
years by Mr. M. N. Datta. I do not consider it coming 
within the allied genus Echinostoma because of its very 
large cirrus sac, as compared with the small cirrus sacs 
which characterise that genus and the regularly oval testes. 
The genera Echinostoma and Echinoparyphium are very 
similar and I think that they may be merged together, but 
I shall consider the question later in the final paper, if 
sufficient proof is forthcoming. It has the same number 
of collar spines as Echinostoma ralli Yamaguti 1934, 
but is much larger than it and very different type of 
cirrus sac. The form from Japanese crow, Echinostomum 
corvi Yamaguti, though nearly as big as the above species, 
has 47 collar spines. Of the Echinoparyphium species 
known to me only E. aconiatum Dietz, 1909, has 37 collar 
spines but that form is only 16 long, and very different 
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in other respects. Thus the species is designated as 
new. 


7 Echinofony'phium gizzardai n. sp. 

Description . — Body elongated, slender, neck concave 
with edges ventrally curved, 2855 — 30x046 — 055 in 
region of testes; minute spines on another region: collar 
0-201 > 030, with 22 spines, angular ones 0 05x0015; of 
border ones, larger 0 042 x 001, smaller 0-0252 x 009 : oral 
sucker nearly globular 0-084 x 0 1 008 : pharynx globular 
008 .- oesophagus about as long as ventral sucker : ventral 
sucker 0336x0293, strongly muscular with deep cavity; 
in first fourth of body length : cirrus sac, 0 252 x 0-168, 
reaching posteriorly to middle of acetabulum: genital 
pore median on intestinal fork ; uterus, short, between 
ovary and ventral sucker, intervitellarial, with few eggs 
(13 - 20) large ovoid or nearly rounded 0 0756x0-67 or 
01008 X 0071 : ovary subspherical, 0-143 in diameter, about 
middle of body; testes smooth-margined, regularly ovoid 
nr oval; anterior 0-2352x021 roundish; posterior 0336x 
021 ; post testicular space about 0-67 : vitellaria from 
hind border of acetabulum to near posterior extremity, 
follicles large, usually transversely elongated, thick ; 
excretory pore postero-terminal. In Gizzard of Black 
Sawn. 

The form is certainly new among the described species 
of the genus because of the small number of its collar 
spines., and therefore given a new name. I have some 
doubts about its location but as the deta given for it, 
No. 19 of the Calcutta Tropical School of Medicine, con- 
tains this information I have to abide by it. 

8. E chinopary phium sp. 

In another tube. No. 27 of the School of Tropical 
Medicine, Calcutta, are about half a dozen specimens 
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labelled from the intestine of the same host as the previ- 
ously described species. Some of these have been mounted, 
and two of them appear quite different from the new 
species gizzardai, described above. Their main features 
are as follows : 

Description. — Body small, elongated, neck region often 
ventrally arched over with curl sides. Collor of the usual 
type with 44 spines ; 5 in end groups of which 3 are large 

0 067 X 0 0168 and two ventral ones smaller 0 042 x 0-01, 
the lateral and dorsal ones 00588 x 0122 appear to be 
arranged in couples: oral sucker 01176 : ventral sucker at 
one-fourth to one-fifth of body, 042x0-336: uterus long, 
eggs about 30, large ; oval ones 0-756 x 0-588 ; boat-shaped 
ones 0084 x 0-05 : ovary 0168 x 0-151 ; testes large, anterior 
0353x0218, posterior 042x0-21, with a gap of 0588 
behind : cirrus sac 0 3 long. 

A second specimen mounted on the same slide, from the 
same tube shows only 33 spines, 4 in each of the end groups 
and only 25 border ones. That is why I do not give any 
definite name to the above species yet, as. I suspect there 
may be more than one species in the tube; and I have not 
been able to straighten and examine the others so far. 

Genus III. EUPARYPHIUM Dietz, 1900 
9. Eufaryphium longitestis n. sp. 

Description. — Body very long, 105 — 11-7, and broadest 

1 -5 -- T7 in testicular region : anterior part covered with 
minute spines both on ventral and dorsal surfaces : beyond 
acetabulum, spines decrease and found only ventrally : 
collar rather feebly developed, and spines, owing to speci- 
mens being rather thick, could not be counted. In the 
single straightened specimen examined in creosote they 
appeared to have been dropped. But, in spite of the 
invisibility or absence of collar spines the form, in its 
body shape and size, in the position of its ventral sucker 
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close to oral sucker, in its beautifully elongate-oval cirrus 
sac, the considerably elongated testes and the nature of its 
vitellaria it bears an unmistakable resemblance to the 
genus Euparyphium. It may be ascertained after examin- 
ation of some more specimens, now in course of treatment, 
that it is entirely without collar spines. If so either the 
definition of the genus will have to be modified or the form 
raised to a new genus. The other measurements, as an 
average of three different sized individuals, are collar 
breadth 0 547 ; oral sucker 0 227 / 0-27 : prepharynx absent ; 
pharynx 0227 x021 : oesophagus short, nearly as long as 
pharynx : ventral sucker, 1-007 x 0-925, prominent, goblet- 
shaped, very close to anterior end, 0956 — 1-1 from the 
extremity; cirrus sac elongate, oval, 0-882x042, to near 
hind magin acetabulum : uterus, short, intercaecal 
between ovary and ventral sucker : ovary near first third 
of body length, 378 from front end, oblique, 0-336 x 0252 ; 
receptaculum seminis present, dorsal to shell gland which 
lies between ovary and anterior testis : testes very long, 
sinuous, with margins smooth, in middle third of body; 
anterior 106 x 04, posterior 1-05 — 107x046: post testi- 
cular space 42: intestinal caeca terminate at 0336 from 
hind end, and vitellaria at 0378 : vitellaria lateral, mostly 
extracaecal throughout their length, from behind aceta- 
bulum to near hind end of body ; eggs oval, 01008 — 01092 
x 0067 — 0-0756. In intestine of Black Swan; Tube 19, 
Tropical School of Medicine. Calcutta. 

Genus IV. MICRO? ARYPHIUM Dietz. 1909 

Two species of this genus have been obtained, only one 
of which has been so far studied and included here. 

10. Microparyphium montei n. sp. 

Description . — Body elongated, stoutly built, broadly 
tapering at both ends; posterior end with a caudal process. 



158 THE ALLAHABAD UNIVERSITY STUDIES 

7‘1 — 7'6 X 067 — 072 in region of ovary: minute cuticular 
spines distinctly on neck region : collar feebly developed, 
two puffs alongside of oral sucker : collar spines not seen : 
oral sucker rounded 0205 in diameter, prepharynx absent; 
pharynx 0134x0-117: oesophagus very small 005 long: 
ventral sucker very large 064 in diameter, close to oral 
sucker ; only 0 67 — 0-7 behind anterior extremity : cirrus 
sac, small, pear-shaped, between instestinal fork and aceta- 
bulum; only posterior part of it overlapped by sucker in 
some preparations : ovary nearly ovoid, oblique, 0-3024 x 
0252, about middle length of body, 3187 from front end : 
shell gland massive, posterior to ovary : testes lobed, in 
posterior half of body; anterior 5 or 6-lobed, 0-67 x 0-46, 
posterior more elongated, margin cleft at 3 or 4 places 
laterally, 0806x0403: intertesticular gap about 0-1 : 
uterus long, broadly convoluted with many large eggs, 100 
or more in number, 0-1092 x 0-0756 in average dimensions : 
vitellaria lateral, hardly reaching a little internal to caeca 
here and there. In intestine of kingfishers, Bengal. 

This is the largest of known species of the genus Micro- 
paryphium. In its lobed nature of the testes it resembles, 
M. cafollae Yamaguti 1935, but differs from it markedly 
in larger body size, in the more anteriorly placed cirrus 
sac, and a much short and less broad oesophagus. There- 
fore the species is considered new and named montei, after 
its collector, Mr. M. N. Datta, of the Indian Museum. 

Genus V. PARYPHOSTOMUN Dietz, 1909 

11. Paryphostomum novum n. sp. 

Description. — Body elongated, broadest behind ventral 
sucker, 9 7— -10-8 x 1 51 — 2-44; spiny cuticle : head collar 
well developed with a double row of rather stout-looking 
spines, 37 in number, 5 or 6 in end groups and rest margi- 
nal : the end group ones in specimens from wild duck. Anas 
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platyrhyncha, are in groups of 6, three ventral and three 
dorsal, but in specimens from bar-headed goose, Anser 
indicus, on one side they are 5 and on the other 6 : oral 
sucker 0-21 to 025 in diameter ; prepharynx well developed : 
pharynx 017 x 0‘235, that of specimen from duck a little 
bigger than that of specimen from goose : oesophagus 08 
— 0-925 long: ventral sucker 0-8x117 (duck), 1-3 in 
diameter (goose): distance from anterior and 15 — 1-76;' 
cirrus sac, transverse in mounted specmens, along front 
margin of acetabulum, 0-9 long, with coiled vesicula 
seminalis ; ovary near middle length of body, 0-3 in dia- 
meter (duck) , 0-4 X 0-6 (goose) : testes more or less lobed, 
anterior 0'67 x 0-4 — 0-6 ; in that from duck more distinctly 
lobed than in that from goose; posterior 06 — 1-3x005 — 
006 ; post testicular space 3-2- 3-4 : vitellaria from behind 
acetabulum to near hind end of body, meet behind testes ; 
uterus with numerous light yellow eggs of large size, 
0-1008 — 01176 X 0067 — 00756 Tn intestine of ducks and 
geese, Allahabad. 

According to the kev of known species of the genus 
given by Gogate, 1934, the above species is distinctly new, 
having its collar spines in double row and 37 in number. 

12. Paryphostomum pentalobiim n. sp. 

Descriptiov. — ^T^ongest and stoutest of all echimosto- 
mes in my collection . Body spiny, very long 18-5 x 2-28 (in 
uterine zone), anterior end rounded, posterior conical with 
a short vesicular projection : head collar 0713 x 0966 
having 35 spines, the dorsal ones being clearly arranged in 
two rows, and the ventral end groups of a bunch of 6 
spines each arranged in three couples of 2 each ; end spines 
0-1092 x 0 0336, dorsal ones 0 084 — 0-091 x 0 0252 ; oral 
sucker 0-42 x 0-5 : prepharynx short ; oesophagus less than 
2-0 long ; ventral sucker, rounded, large 1 007 x 1175, 
within one-fifth of body length from head end (3-02 
F.21 
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distant); cirrus sac, in mounted specimen, transverse 
between intestinal fork and sucker, only partly overlapped 
by latter; vesicula saminalis bent over itself, cirrus and 
pars prostatica well developed : ovary transverse, oval, 
0-286 X 0 67, at 9 07 from anterior extremity ; testes both 
5-lobed, each lobe having a smooth rounded outline, sepa- 
rated from one another by 0 27 ; anterior 0-84 x 0 67 and 
1 1 75 behind head end ; posterior 0 924 x 0-67 and 4 62 
ahead of caudal end. Vitellaria from behind acetabulum, 
lateral up to hind testis, behind it run inwards and meet 
up to posterior extremity ; follicles large, close set : uterus 
coils not so dense as in previous species and eggs also less 
numerous though large oval, 0 1008 1 092 x 0 0588 - 0 71 . 
In intestine of snipes, Allahabad. 

From the key of the species already referred to in the 
above described species, this form also comes in the same 
group as the above, namely, the one with collar spines in 
two rows, but in its still bigger size, and the close set end 
groups of collar spines, and other differences, in internal 
anatomy, it differs from the new species P. novum, as 
well as other known forms. Therefore T name it as penta- 
lobum, the 5-lobed character of its testes. 

Genus VI. PATAGIFER Dietz, 1909 

13. Patagifer ivesleyi n. sp. 

Description . — Body elongated, broadest in region of 
ventral sucker, gradually narrows down towards posterior 
end, 121 X 1-8: head collar with a wide dorsal notch, 
characteristic of the genus, and a much wider ventral 
notch : spines 30 or 31 on each side around collar edge in 
single row, dorsal and ventral spines of row smallest, 
gradually enlarge towards sides, but two end spines of 
ventral side large : collar size 0-9 x 1 91 : larger of the 
ventralmost end spines 0.156 x 0.058, lateral ones 0.24 — 
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0-27 X 0055 — 0-067, smallest dorsal 003x0016 broad; all 
peg-like : neck deeply concave with prominent acetabulum 
projecting into it ; no spines on body surface : oral sucker 
subterminal, round, 017 — 0 201 in diameter ; pharynx : 
elogate oval, about twice as long as oral sucker ; oesopha- 
gus one and a half times as long as pharynx : ventral sucker 
very large, goblet-shaped, protruded beyond ventral surface, 
1175x1-26, close to anterior end: cirrus sac only partly 
overlaps the cirrus, vesicula seminalis thrown into 3 or 4 
convolutions like a double S, genital pore midway between 
fork and sucker margin : ovary oblique 0-25 x 017, near : 
one-third body length from collar end : shell gland mass 
about twice the size of ovary : testes elongated with some- 
what irregular outline, separated from one another by 
nearly same distance as separates the first testis from the 
ovary; anterior 073x034; posterior 0-084 x 0-25: post 
testicular space nearly equal to one-third of body length : 
uterine- convolutions mid-intestinal, but not yet full of 
eggs : vitellaria lateral, only overlapping caeca from near 
acetabulum to hind end : intestinal caeca to near hind end : 
in the only mounted specimen the caeca of the two sides 
cross each other. This may have been brought about by 
flattening the specimen, although no curl on margins 
detected. In intestine of Curlew. 

This form has its body end pointed like the Australian 
species of Johnston, 1916, P. acuminatus and P. fraternus, 
but both of them have a lesser number of collar spines, and 
a more ventrally placed ventral sucker in addition to other 
distinctions. The Japanese form, P. farvisfinosus 
Yamaguti, 1933, has no cuticular spines, like the Indian 
fluke, is also readily distinguished by the different number 
and sizes of its collar spines, by the relatively different 
position of its ovary, and the different form of the testes. 
The Indian species is further distinguished by all known 
forms in having its pharynx larger than the oral sucker. 
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I therefore name it after my student, Mr. W. K. Wesley, 
who had collected this form for me from Fatehpur. 

Genus VII. MESOBCHIS Dietz, 1909 
14. Mesorehis 'pennanti n. sp. 

Description . — Body salender, long, posteriorly reduced, 
broadest in testicular zone. 7-5x0925: collar 0-252 x 
0336 with spines of about 0061 x 00201 along the lateral 
margins : the number of spines on each side appears to be 
11, but owing to specimens having got macerated before they 
could be fixed, this number is not certain : oral sucker, 
008 in diameter; pharynx 0-1 x008; oesophagus 1-6 long; 
cirrus sac 0-134 x 0-21, oval, with anterior end broadly 
rounded, lying obliquely in front of acetabulum : ventral 
sucker 042, at 215 from anterior extremity : ovary 021 x 
0-29 pear-shaped, to right of median line, distance from 
head end 2-9 : shell gland between ovary and testis; anterior 
testis 055 X 088, transversely quadrilateral, 067 behind 
acetabulum and 3-24 from collar end; posterior 0-86x071 
roughly subtriangular or ovalish in outline : ovary and 
testes rather close together, all within 2-0 of one another; 
post testicular space 2-75; vitellaria fill post testicular 
region, and extend forwards laterally along testes to front 
margin of anterior testis; follicles thick, large: uterus, 
compact, short between anterior tes-tes and acetabulum, eggs 
less than 100, not very large, 0-0756 — 0-08 x 0-058; broadly 
oval. Intestine of Indian Darter, 

The species differs from all others in its generative 
glands lying closer to one another, and in the relative 
position of its testes, ovary, ventral sucker, and their sizes. 
The shape of the testes is not quite as characteristic of 
the genus Mesorehis, as of the genus Monilifer, but unlike 
the latter in some other respect^;. I therefore provisionally 
assign this form to the genus Mesorehis, hoping to get 
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better preserved material before finally deciding its 
position. 

Genus VIII. HYPODAERIUM, Dietz, 1909 

Two flukes resembling the forms included in the above- 
named genus have been obtained so far; one from a shoveller 
duck, shot by me at Mainpuri, and the other from a pintail, 
dissected at Allahabad. The latter is clearly referable to 
the genus Hypodaerium according to the key given by 
Dietz, 1910; but the former differs and I propose to place 
it in a new genus. 

15. Hyfodaermm magnocirrma, n. sp. 

Description . — Body elongated, 9-3 -lOT, broadest 
about ventral sucker 1 75, after that of a nearly uniform 
width 1 34, to about hind end, where it narrows down 
somewhat : collar not very well developed, and spines not 
distinct, size 042 — 0506 X 0227 X 0'252 : cuticle of body 
spiny to near ovary ; oral sucker 0218 x 0 269; prepharynx 
short; pharynx 0168x0185: oesophagus reduced, shorter 
than pharynx : cirrus sac in one preparation extends 
straight to a short distance posterior to hind margin of 
acetabulum. With wavy vesicula seminalis, and a very long 
cirrus; in the other mounted specimen, cirrus has been dis- 
placed antero-laterally by the flattening of the sucker, and 
the cirrus is exserted and measures 0 6 x 0T7 : ventral 
sucker very big, 1 05 x 118 and only 0-7 — 0-9 behind head 
end ; ovary 0 319 x 0-302, and 3-68 from front extremity, 
or behind equator; shell gland, large, compact; both 
elongate oval, anterior more so : anterior testis 0-672 x 
0336, margin slightly notched at 2 or 3 places, 4-607 
distant from front end; posterior, 0605 x 0336; testes and 
ovary separated from one another by nearly same distance, 
and all lie in middle third of body : vitellaria from behind 
ventral sucker, lateral, encroach internal to caeca only 
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behind hind testis, but never meet : uterus widely con- 
voluted, inter caecal, between shell gland and acetabulum; 
eggs many, operculated, 0091 — 0-11 x 0058 — 0067 ; excre- 
tory pore terminal. In intestine of Pin Tail. Allahabad. 

By the nature of its cirrus sac, and large cirrus, 
comparatively more forward position of ventral sucker, 
shape, size and position of tests and collar it differs from 
all known species. 

16. Hy'poderaetm mainfuria n. sp. 

Description. — Body closely resembles in form and 
general features, H. conoideum (Bloch. 1782), the Euro- 
pean form from duck, as in Figure 17, Plate 12, of Dietz’s 
valuable paper on Echinostomes of Birds, 1910. Anterior 
body thick cylindrical, broadly rounded, behind acetabulum 
flattened and rolled up in living specimens, posteriorly 
narrower: size 70 — 7-75 x 0 97 — 1 3 (in front of ventral 
sucker), near termination of intestinal caeca only 06 to 
0-7 broad : collar very short and feebly developed, hardly 
marked off from the body in one mount : 0T8 x 0-376 : 
spines very minute,* number not yet definitely known; 
broad scale-like cuticular spines arranged in rings round 
the collar, characterise the neck region, diminish rapidly 
behind ventral sucker, visible up to level of ovary : 
oral sucker subterminal, 0.156x0.21; pharynx 0.1 
— 0-118x0-84 — 0109: oesophagus about twice as long as 
pharynx, narrow : intestinal caeca to near hind end : 
ventral sucker highly muscular, thick 07 to 088 in dia- 
meter, about 0-67 — 0-75 distant from head end : cirrus sac 
about as long as ventral sucker ; in pressed mounts it shifts 

* Even on careful examination of the two mounted specimens which 
are all that I have of this form they were missed till to-day, but I am 
convinced of their existence, and will report of their exact number later, 
after demounting and destaining one preparation and examination in 
creosote. 
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from its dorsal position over acetabulum, to one side or 
anteriorly; vesicula seminalis long, winding, and strongly 
developed cirrus surrounded by prostatic cells : genital pore 
closely posterior to intestinal bifurcation : ovary transverse- 
ly oval, 0-21 X 0 3 — 0-42, in front part of second third of 
body : testes elongated, with faintly depressed margins at 
3 to 5 places on each side, separated from one another; 
anterior 0-65 - 0-67 x 034 - 042, near middle of body; one- 
third in anterior half but two thirds behind equatorial 
line : posterior, 06 — 0 756 ^ 0 35 — 0 365 : post testicular 
distance 2-57 — 260: vitellaria from behind acetabulum to 
near end of caeca, extracaecal at first, then only partly 
overlap caeca, behind testes run inwards to near median 
line, even freely meeting here and there; follicles large 
thick : uterus between ovary and acetabulum, transversely 
coiled, with characteristically thin wall and oval eggs, 30 
in one specimen, and about 125 in the other; size of eggs 
0 08 — 0 0925 X 0 051 - 0 067 excretory bladder long, extend- 
ing unbifurcated to posterior testis, vibratile cilia seen in 
longitudinal ducts, pore terminal. Intestine of Shoveller 
Duck. 

Although closely resembling H . ronoideum, as above 
stated, it is readily differentiated from it by the smaller 
size of its body and eggs, by the relative size and position 
of internal organs, and above all by the extension inwards 
to the median line of its post testicular vitelline follicles. 
Therefore it is given a new name, after my native town, 
Mainpuri. U.P., where I had obtained it. 

Genus IX CHAITNOrEPHAI-US Dietz, 1909 

Specimens of this interesting genus were found in a 
tube, mixed up with two of some Acanthocephalan parasite, 
kindly sent to me by the Director of the Indian Zoological 
Survey. These specimens are imperfect and not properly 
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preserved. They were collected from the intestine of 
black-necked stork. 

For two seasons I tried in vain to collect fresh speci- 
mens of this parasite. However, last November my good 
friend, Mr. Sat Jiwan Verma, kindly sent me a sooty gull, 
which he had brought for me at great personal inconve- 
nience. From this I got enough numbers of a representa- 
tive of this genus, and one other form of fluke. 

The following table gives some data about these two 
forms and about the one known species C. ferooo (Rud.) : — 



C. ferox. 

From Indian 
Stork. 

From Indian 
Gull, 

Length of body . 

5‘5-8‘0 

7*45-8*8 

4*41-7*25 

Breadth of fore body . 

2*3 

‘ 3*0 -4*0 

3*0 -3*5 

Breadth of hind body . 

07 -ro 

0*8 -1*0 

07-1*0 

Number, collar spines , 

27 

26 

27 

Size of ventral spines . 

0*110-0150 

X 

0*0204 

0*168X0*038 

»Tr, 1 'r'/ ^ r - 4 ' * i 

0*126X0*036 

Size of dorsal spines . 

0*074- 0*110 

0*109-012 

0*121-0*134 

X 

X 

X 


0*0204 

0*02 (larger) 
0*08-0*09 

X 

0*018 (smaller) 

0*0165-0*017 
0*0925 - 0*108 
X 

0*013-0*015 

Size of large end spines 

00 

o 

1 

s 
1— 1 

b 

0*19-0*21 

0*142-0*151 


X 

X 

X 


0*034 

0*035-0*045 

0*017-0*023 

Size of eggs 

0*089-0*092 

0*1008 - 0*109 

0*067-0*084 

X 

X 

X 


0*053-0*057 

0*042 - 0*0588 

0*042-0*05 


Nicoll (1915) has recorded one specimen from Austra- 
lia, which differed but slightly from C. ferox, its larger 
end spines approaching those of the Indian form from 
stork. 

I feel that the Indian forms from Gull and Stork are 
one and the same and different from Chaunocephalm ferox. 
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in having their fore body always much broader than in 
the known species, and in having their dorsal spines alter- 
nately long and short. The difference in number of spines 
may be due to one having dropped out in the imperfect 
specimens available from the stork. The size of eggs, and 
the more stouter built of collar spines of the stork form 
may justify its being called a different variety. For 
the present I am describing in brief the features of the 
species from Gull alone. 

17. Chaunoce/phaliLs similiferox n. sp. 

Descri'ption , — Body divisible into a spiny dilated 
bulb-like anterior, and a non-spiny much narrower cylin- 
drical part, joined by a middle portion somewhat broader 
than the candal port and containing the acetabulum and 
the principal reproductive organs. In some mounts the 
middle part is marked from the other two by constrictions 
on both sides. In others there is only one constriction at 
middle level of the ventral sucker. 

Collar disc-like, antero-terminal, 0*59 — 0*67 broad, 
with 27 long spines,* straight and pointed at outer end; 
ventral end groups of four, dorsal two being larger than 
the two ventral, four lateral ones on each side of about 
same size, the rest dorsal alternatingly large and small : 
oral sucker 0.21 — 0.23 x 0.3 — 0.336 ipharynx smaller than 
oral sucker 0*25 in diameter : oesophagus very long 
extending to near acetabulum, broad with characteristic, 
short, sinuous lateral diverticula; intestinal caeca narrower 
to near hind end of tail part opening in terminal part of 
excretory bladder; ventral sucker at junction of fore and 
hind or middle part, 0*506 - 0*547 : cirrus sac very small, 
0*17-0*2, conical, in front of sucker; genital pore sur- 
rounded by a short sucker, between intestinal fork and 
acetabulum margin, leads into a short atruim into which 

* Dimension's noted in the preceding Table are not repeated here. 

F.22 
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open the male and female ducts : ovary close behind aceta- 
bulum, right-sided, pear-shaped in younger forms, ovoid or 
oval in older ones, oblique, 04 — 05 x 0-506 — 0-58 ; testes 
vary in shape and respective position, according to condi- 
tion of development of uterus, either side by side, separated 
from the ovary by the conspicuous shell gland mass and 
associated structures, or somewhat obliquely one behind 
the other; anterior or right testis 0-42 - 0-46 x 0-292 — 0-336 
or 0 336 X 0252; posterior 0 3 - 0-336 x 021 - 0-252 : shape 
irregularly oval, to elongate oval, or ovoidish, or subtri- 
angular : uterus very compact, between the testes and the 
acetabulum, with many eggs.* 

A complete description of this species is furnished 
in a paper to be published shortly. 


Genus X PSKVDfW.CHINOCHAmVfi n. gen. 

This genus is provisionally created for the other 
interesting forms of smaller flukes, met with in the duo- 
denum of the same Sooty Gull, from which the Chauno- 
cephalus species above described were obtained. 

The parasites, in body form, apparently look like 
Kchinodhasmus, but continuity of collar spines across back, 
deeply lobed nature of testes and continuity of the venter 
across the ventral surface preclude the possibility of 
including them in that genus. According to the key given 
by Dietz, 1910, the only genus with similarly characterised, 
divided, testes usually transversely elojigated is Paryphos- 
tomum. But the latter genus has. the body form slender, 
posteriorly reduced, contrary to the posteriorly broad and 
shorter body form of these distomes. Moreover the 
arrangement of collar spines also is very different. 
Therefore, pending further study, I place it in the new 
genus, with the following notes about the type species 


* Dimension’s noted in the preceding Table are not repeated here. 
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18. P seudoechinochasmus satjivani n.g., n. sp. 

Description. — Body short elongated, anteriorly nar- 
rower, posteriorly broadly rounded, 1-8 — 2'2x0’4 — 0-6, 
breadth from behind acetabulum more or less same ; cuti- 
cular spines thick on neck : head collar broader than long 
015 — 03, united across venter, with 19 alternating dorsal 
spines of same length, 0 0336, 4 lateral ones on each side, 
of two sizes 0 033 x 0008 or 0399 x 0 01 006; end groups of 
5 spines each, four large 00596 x 001596, one small 00339 
long ; total number of collar spines 37 : oral sucker 0067 ; 
prepharynx 00252; pharynx 0-067 x 0-05; oesophagus 
0-14 — 0143 long; ventral sucker within one fourth to one- 
fifth of body length from anterior end, 032 — 0-36 in 
diameter : cirrus sac antero-dorsal to acetabulum, not 
extending beyond its middle; cirrus often everted, long, 
035 - 0 42 X 0 067 : ovary roundish, feebly lobed or smooth 
margined, 0.13 — 0.14 in diameter, to left of median line : 
shell gland masa along inner side of ovary : testes median 
close behind shell gland, separated from one another by 
same distance which intervenes between ovary and anterior 
testis, variable in shape and outline; anterior usually 
transversely elongated, 0-181 — 0192 x 0-248 — 0225, lobes 
five to seven, subdivided in some mounts, equatorial in 
position, 0.265 - 0.336 x 0.252 - 0.263; posterior immediate- 
ly behind anterior, often subtriangular in outline with 
hind surface rounded; lobes three to five, subdivided or 
not : (the lobed condition is beautifully visible in those 
not pressed when fixed, and still more so in younger, 
though quite mature forms) : vitellaria lateral, from 
anterior level of first testis to near hind end of body, 
behind testes approach one another to middle line : excre- 
tory bladder wide, bifurcates behind testes, cornua visible 
up to acetabulum in some preparations, pore terminal ; 
uterine coils transverse, between anterior testis and aceta- 
bulum; eggs 30 — 40, 0-084 — 0-0924 x 0050- 00588. 
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Genus XI. DISSURUS n. g. 

About a dozen specimens of very thin elongated tre- 
matodes, collected and mounted by Mr. Dharam Narain, 
Professor of Zoology, in the local Kayasth Pathshala, 
were kindly handed over to me, for which I am deeply 
indebted to him. On careful study I find that they are 
closely allied to the genus Himasthala Dietz, in body form 
and general organisation, but in the much smaller size of 
their cirrus sac, in the more anteriorly placed ovary, and 
in the extent of their vitellaria these parasites show 
characteristics quite unlike those of that genus. Hence 
a new genus is proposed for them and named after the 
generic name of their host, Dissura ejnscofa, the white- 
necked stork. 

This new genus displays other interesting characters 
and its relationship with other genera will be discussed in 
the fuller paper to follow, and the generic diagnosis also 
given. 


19. Dissurus farrukhabadi n. g., n. sp. 

Description. — Body long, very slender, delicate, 9 0 — 
13-5, considerably attenuated between acetabulum and 
ovary 018 — 021; neck region subcylindrical, 0-35-038 
broad ; very gradually broadening behind ovary and ending 
in a rounded extremity; maximum breadth in region of 
testis, a short distance from posterior end, 0-6- 0-8; cuti- 
cular spines with cleft base on anterior half easily discer- 
nible : collar reniform 0-25 — 0 336 x 0 38 — 046, spines 24 in 
one row, interrupted dorsally to mouth opening, no end 
group ; innermost ventral 0-055 x 0-0117, largest lateral 
0 062 X 0-0199, innermost dorsal 0 046 x 0-0165 : oral sucker 
rounded, terminal, mouth ventro-terminal, 0-084 — 0126; 
prepharynx as long as pharynx; pharynx 0-084— 01 x 0067 
x0.07, oval: oesophagus thin,, long 0.5 — 0.6: intestinal 
caeca straight, to near hind end : ventral sucker nearly 
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round, 0.378 — 0.506 in mean diameter, at 0.97-1.06 from 
front end: cirrus sac, 0.21 — 0.23x0.12 short, conical an- 
terodorsal to ventral sucker, not reaching posterior to its 
middle, seminal vesicle constricted in middle : ovary, 
rounded, 021 — 0-27 x 0176 — 0 198, distance from head 
end 38 -601, i.e., behind one-third body length from 
anterior extremity; shell gland complex postero-lateral 
to ovary, sometimes partly overlapping it : testes elongate 
oval in form, margins rugose, in las.t third to fourth of 
body; anterior, 0-66-0 71 x 0-37-04, with 2 notches on 
each side, 2.2-3.36 behind ovary; post testicular distance 
0-67 — 1 17 ; vitellaria from ovary to near end of caeca, 
follicles dense and continuous from side to side : uterus 
between ovary and acetabulum, inter-caecal, eggs less than 
100, large oval, 0-1 — 0-118 x 005 — 007: excretory pore 
ventro- terminal. In intestine of White-necked Stork, from 
Farrukhabad, U.P. 
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Family. STRIGEIDAE Railliet, 1919 

Large numbers of representatives of this family jvere 
collected by me during the last four seasons, from United 
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Provinces, Behar, Bengal and Orissa, and some valuable 
material was also available from the collection of the Tro- 
pical School of Medicine, Calcutta. In these collections are 
representatives of only three of the five sub-families into 
which the family stands divided to-day. The sub-family 
Alariinae is very poorly represented, but Polycotylinae and 
Strigeinae are abundantly met with in Indian birds. So 
far no representative of Cycuthocotylniae and Brauninas 
has been noticed by me. 

Sub-Family. ALARUNAE Hall and Wigdor, 1918. 


Genus I. ALARIA Schrank, 1788 
1. Alaria robusta n. sp. 

Description. — Fore body thick, oblongish or squarish, 
115-1175 X 0-8 - 1 0; hind body 0-9-l-09x067 (testi- 
cular region), only 046 (bursa region) ; oral sucker 01 
X 0.167 : pharynx smaller than oral sucker 0.084 ; aceta- 
bulum 0.547 - 0.55 behind front end, 0.08 — 0.1 in size j 
hold fast organ of two folds, separated by a median cleft, 
occupying slightly more than three-fourths length of fore 
body ; vitellaria confined to fore body, spreading all over it : 
ovary near junction of two body regions 0.21x0.35; fol- 
lowed closely by anterior testis, lying slightly to one side of 
median line, broader towards the outer end, 0.15 
xO.25; vitelline reservoir between the two testes 
and Mehlis’ gland along postero-internal side of 
anterior testis ; posterior testis 0.21 x 0.25 : uterine 
coils extending into hind part of adhesive organ 
with about 10 eggs in that region, of size 0.092 
— 0.109 x 0.056 - 0.071; terminal part of uterus and 
ductus ejaculatorius unite in a short common space leading 
into the genital atrium which opens postero-dorsally and 
has ja heavy musculature surrounding it, size of genital 
atrium 0.336 x 0.42 : vesicula seminalis coiled behind hind 
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testis. In small intestine of King Vulture. Allahabad 
District. 

The species closely resembles A. nasuae La Rue and 
Townsend 1932; but differs from it in body size and posi- 
tion of Mehlis’ gland, and the absence of cuticular spines, 
besides other characters. In its body size it approaches 
A. pseudoclathrata Krause, but has a different relative 
proportion of hind and fore body, a longer extent of the 
hold fast organ, and a larger size of its oral sucker. There- 
fore it is different from all known species. 

Sub-Family. POLYCOTYLTNAE, Monticelli, 1892. 


Genus IT. PROCRAfifilPHIAlA n. g. 

A number of specimens obtained from the common 
Cuckoo and the Red-Wattled Lapwing (Titeri), though 
differing from one another, resemble in one respect, namely, 
the possession of a forebody somewhat shorter and thicker 
than that of the genera N eodi'phostom.vm Eailliet 1919, or 
Proalaria La Rue 1926 : the margins, of the fore body un- 
like that in these genera do not project beyond the surface, 
at the line of union. They do not even from the low urn 
or bowl characteristic of the G. nassiphiala Van Haitsma, 
1925, nor do they possess any suckers on the dorsal surface 
as in G. Polycotyle Will-Suhm, 1870. Neither do they 
have their vitellaria extending over the fore body as in 
G. Allodiplostomum scolopacis Yamaguti, 1935. Therefore 
they are put into a new genus with the following distinc- 
tive characters : — 

Polycotylinse : Fore body thicker and relatively short- 
er, lateral magins joining at base do not project beyond 
surface, still division into two regions clear; no dorsal or 
accessory suckers, hold fast organ bulbous with a cavity 
ventral sucker transversely elongated ; vitellaria on both 
hind and fore body : uterus just enters hold fast organ. 
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2. Procrassiphiala Utricum n. sp. 

Description. — Fore body short, flat, but somewhat thick 
0-93 X 075 ; hind body cylindrical 1-28 - 1-3 x 0-58 - 0-75 
oral sucker 01 in diameter : pharynx smaller than oral 
sucker 0 059 x 0 05 ; oesophagus as long as pharynx : aceta- 
bulum transversely elongated, 0 07 - 0 14, larger than oral 
sucker in transverse diameter, 0-3 behind oral end : hold 
fast organ bulbous with a cavity, margin papillated 0-336 
X 025 — 029: ovary 009 — 0-16 behind line of junction of 
fore and hind body, oval, fll26 x 0168 in size : testes very 
large, nearly filling up the transverse direction of hind 
body and the space between genital atrium and ovary : 
anterior 0.67 long, on sides 0.42 broad, in middle con- 
stricted 0 16 wide ; posterior 0-63 long, on sides 0-46 
broad, middle constricted part as broad as in anterior. 
Vitellaria over greater part of hind body, thick in front 
of ovary, only on ventral surface behind it, and in fore 
body extend to region of oesophagus, leaving anterior and 
lateral areas free : genital atrium with muscular walls, 
postero-dorsal, 0-17 x 0 21 ; vesicula seminalis short, S- 
shaped between hind testis and atrium : uterus extends to 
hold fast region, just entering it; eggs up to 40 in one 
specimen, size 0-1008 — 0-1009 x 005 — 0058. In intestine 
of Red-Wattled Lapwing. 

3. Procrassiphiala emkooai n. sp. 

Description. — This is a slightly bigger form than the 
one from Lapwing and, in it the hind body is shorter than 
fore body, and hence tesites more elongated : the hold fasts 
organ though bulbous has an entire margin. The de- 
tails of measurements will be given later. Only two 
specimens were obtained from a number of cuckoos, 
examined at Allahabad, mixed up with another species of 
the genus Neodiplostum described hereafter. 
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Genus III. NEODIPLOSTOMUM Railliet 1919 

Representatives of this genus have been obtained from 
Kestrel, Osprey, Vulture. Kingfishers, Cuckoo, Lapwing 
and Horn Bill, and include about half a dozen different 
species, of which only those that have been completely 
studied are mentioned here. 

4. N eodiflostomum gloMferum, n. sp. 

Description. — Fore body 0 547 x 0-38, hind body 0-38 x 
0’42 : oral sucker 0 084 x 0 1008 : pharynx a little shorter 
or about as big as oral sucker : oesophagus minute : in- 
testinal caeca distinct ; ventral sucker of same size as 
oral ; hold fast organ oval to nearly rounded, with a central 
cavity, entire margins, touching acetabulum and nearly 
thrice as long as latter : margins of fore body laterally curl- 
ed and meet just along posterior border of adhesive organ : 
ovary 0.1008 x 0.05, near junction of two body regions : 
testes very much attenuated in middle, dumb-bell shaped, 
with vitelline reservoir and Mehlis’ gland between them; 
both of nearly same dimension 0 336 long ; in middle 0-25 — 
0-45 thick, along sides 0126 thick : uterus just overlaps 
junction of hind and fore body : vitellaria in four strands 
in fore body, from behind pharynx to posterior testis 
in hind body; eggs few 0 081 — 0084 x 0 058: seminal 
vesicle coiled, thick, behind hind testis; genital atrium 
short, postero-dorsal, genital papilla in some specimens 
seen projecting into it. In intestine of Cuckoo. 

In its characteristically short and globular hind body, 
and the peculiarly attenuated, dumb-bell shaped testes it 
is readily distinguished from the various species of the 
genus so far knovm. 

6. Neodiplostomum tytense Patwardhan, 1935. 

A number of specimens of a form closely resembling 
the above species were collected from Kestrel, , and also 
F.38 
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from Osprey and the common vulture, Neophrcm, mixed 
with other species. The specimens from vulture tally in 
measurements of body with those given by Patwardhan, 
except in the case of the hold fast organ which in my 
specimens measures 0-4 x 0-23 - 03 : the egg size is not 
given by the pi’evious writer as his specimens were without 
them : there are 4 or 3 eggs only seen in my preparations 
and they measure 0101 — Oil x 076 — 0-84. 

But the specimens from Kestrel are 1-85 to 205 long, 
that is shorter than those of the species N. tytense, and 
the ratio in the fore and hind body is 1 : 11 instead of 
1 : 12 in latter species, and vitellaria extend a little more 
forwards in the form from Kestrel. Therefore this may 
be a different species, but pending consideration of sections 
of this form which are not yet ready T reserve my final 
opinion. 

6. Neodiplostomwn cochleare (Krause, 1915) 

A number of specimens of this worm were found in 
Tube 25 of the School of Tropical Medicine Collection, 
from the intestine of Horn Bill. The worms were fixed, 
in a relaxed state, in formalin and resemble very much in 
appearance and measurements given for it by Yamaguti 
1935 [F. 15]. Though my measurements differ slightly 
from those of the Japanese examples, yet the two are decid- 
edly the same. I give below some measurement of my forms 
for comparison. Fore body 1.6 — 1.8x0.8-0.84; hind body 
0 96 — 1-05 X 0-46 — 0-58 ; oral sucker 0 084 ; acetabulum 
0101 ; hold fast organ 042-0-58 / 0-336'- 042 -. eggs 01008 
xO-08. 

Genus TV. PSEUDODIPLOSTOMUM Yamaguti 1934 

Two species of this genus both from the local King- 
fishers have been collected. They differ from cme another 
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and also from the allied Japanese species. 1 give below in 
tabular form the characteristics of these two new species 
and those of the Japanese one. 



P, cochleariforme, 
Yamaguti, 1934. 

7. P.cochlearisy 
n.sp. 

8. P,frcttemi. 
n.sp. 

Body length 

2*0 

0*65-0*72 

1*207-1*22 

Fore body LXB . 

. 0*625X0*4 

0*21X0*134 

0*331X0*21 

Hind body LXB . 

. 1*38X0*27 

0*47X0*15 

0*88X0*33 

Oral Sucker size . 

. 0*038 X 0*039: 
(subterminal ) . 

0*047X0*033 
(terminal, large, 
cup-shaped) . 

0*03 

(small sub- 
terminal ) 

Pharynx size 

0*03 

0*0255 

0*02 

Oesophagus L 

very short. 

very short. 

longer than oral 
sucker. 

Acetabulum size . 

. 0*054-0*066 
transversely 
elongate. 

0*018X0*02 
very small. 

0*12X0*08 

„ distance 

. about middle. 

about middle. 

on margin of 
adhesive organ. 

Hold fast organ size 

. 0*18X0*14 

longitudinal!) 
elongate. 

0*06X0*07 

rounded. 

0*08 

rounded. 

Ovary size . 

0*084 

spherical 

0*04X0*05 

0*074X0*095 

„ position . 

. in front of testis. 

a little ahead i 
of testis. 

in front of middle 
of hind body. 

Testis 1 size LXB 

. 0*125X0*2 

Bean-shaped. 

0*1-0*11 
(side view) . 

0*25X0*21 

Testis 2 size LXB 

. 4*11X0*23 

Bean-shaped. 

0*1-0*12 
(side view) . 

0*27X0*17 

Position of testes . 

.in middle of last 
third. 

behind middle 
of hind boy. 

in middle third 
of hind body. 

Eggs LXB . 

. 0*091-0*095 

X 

0*066-0*069 

0*093 - 0*0996 
X 

0*047-0*05 

not present. 

Host , 

. Ceryle lugubris Alcedo althis Ceryle rudis 

iugubris (Common King- (Pied Kingfisher) 

(Pied Kingfisher) fiisher) Indian. Indian. 

Japanese. 
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7. PseudodiflostomAim coehlearis n. sp. 

The other characters not compared in the above table 
are as given for the genus by Yamaguti, 1934. Only in 
P. coehlearis the smallest form, the vitellaria are not so 
developed as in the other two : but it has the largest oral 
sucker, with its broad cup-like opening facing anteriorly. 
Its eggs are comparatively very big for the body size. 

8. Psevdodiplostomum fratemi n. sp. 

This is intermediate in size between the Japanese 
form, and its other allied Indian species. In its more 
forwardly placed ovary and testes, which latter are also 
quite voluminous, and the prominent viteUarian follicles, 
confined to the hind body, as characteristic of the genus, it 
is readily distinguished from the other two. 


Genus V. ALLODIPLOSTOMUM Yamaguti. 1935 

Only two specimens, of a form easily recognised to 
approach this genus, by its characteristic shape and position 
of the fore body, were found only once from the intestine 
of the Red-Wattled Lapwing, Allahabad. One of the 
specimens was cut up into sections to study the hold fast 
organ. 


9. Allodiflostomum hindustani n. sp. 

Descri-ption. — Body shape and relative position and 
size of fore body and hind body as characteristic of the 
genus. Hind body about twice as long as fore body, and 
about two-thirds as broad as long. Total length of body 
0-8 — 1'25 in life. Fore body in one mounted specimen 
0-21 X 0 25 ; hind body 042 x 0 3 ; in sectioned material the 
fore body is 0.38 long and hind lx)dy 0.67 long ; oral sucker 
directed forwards, 0.084 in diameter : pharynx 0.17 : aceCa- 
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bulum near hold fast organ, 0.21 in diameter : hold fast 
organ, globular with lobed margin, projecting into the 
hollow of the cup-like body, though not protruding beyond 
the margin to the same extent as in the Japanese form : 
ovary 0-7 — 084, at extremity of first third of hind body: 
testes concave on ventral surface ; tandem ; in middle third 
of hind body; anterior 067 — 08x0-15 in size; posterior 
broader 0-1 x 0-22 : shell gland mass along posterior, lateral 
border of anterior testis : vesicula seminalis S-shaped, 
behind posterior testis : genital atrium 0-1 in diameter, 
opening dorso-terminal ; eggs not present. In intestine of 
Indian Red- Wattled Lapwing. 


Genus VI. PROALAEIA La Rue. 1926 
10. Proalaria alcedensis Patwardhan, 1935 

Numerous specimens of this species were obtained from 
both the common Kingfisher as well as the pied King- 
fisher shot by me in 1933. The peculiar shape of the fore- 
body readily distinguishes this form from the new species 
of the Genus Pseudodiplostomum described above with 
which it resembles very much in general appearance. The 
measurements of ray specimens, where they differ from 
those given by Patwardhan, 1935 are noted below. 

Body length 1-62— 1-76; fore body 046 x 0-34; hind 
body 1-2— 1-34 X 0-3 : oral sucker 003; ovary 01008; 
anterior testis 0-25 — 0 34 x 0 22 — 03 ; posterior 0 24 - 0-3 x 
a25. 


11. Proalaria grayii n. sp. 

Description . — Body length 075 — 107 : fore body 0-45 
0 637 X 0'2] -027 in region of hold fast organ, about 
middle 0-17 - 0-21 broad : hind body 038 - 044 x 026 - 0-3 : 
oral sucker, 0’(^ in diameter : an accessory pit, with hair- 
like cilia projecting outwards, on margin of fore body a 



180 


TH£ ALLAHABAD UNIVEESITY STUDIES 


short distance behind oral sucker : oesophagus absent : 
acetabulum 0-3 -04 in diameter, a little behind middle of 
fore body : hold fast organ a shallow, bean-shaped, trans- 
versely elongated pad-like structure 0 07 — 0 08 x 0 13 — 
018 : ovary just at junction of two body regions, O'Ob x 
0-07 in size : testes large close behind ovary, overlapping 
one another in part, and the ovary, or just touching one 
another : anterior testis 0 14 x 0-2 or 0 143 in diameter, 
anterior surface notched to accommodate the ovary; poster- 
ior broader than anterior, front margin depressed and in 
contact with other testis, 0 17 x 025 — 0227 in size; vite- 
llaria in both fore body and hind body : in former anterior 
third free, and in latter only up to hind border of testis. 
Vesicula seminalis distinct, sac-like, behind testis; uterus 
behind ovary, eggs few, about 5. boat-shaped owing to 
margins having crumpled, in size 009 - 00929 x 0 042— 
0046. Bursa often protruded beyond genital pore which 
is terminal. In intestine of Pond Heron. 

In the peculiar shape of its hold fast organ with 
entire margin it differs from those species with papillated 
margin ; and from those with entire margins, in the shape of 
the hold fast organ, the relative sizes of the body regions, 
the position of the testis and ovary, the form is readily 
distinguished from the other known species. 


12. Proalaria s'pecieis inquerenda 

The species of strigeid flukes contained in the Tropi- 
cal School (Collection No. 31 from T. P. Duck, No. 29 from 
W. T. Sea Eagle and two forms from Osprey and Vulture 
collected by me, are referable to the above genus. But as 
I have not yet received papers dealing with complete de- 
scriptions of some species with which they appear to 
resemble, final opinion about them is not expressed at 
present. 
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Sub-Fainily. STRIGEINAE Raillirt, 1919 

Representatives of this sub-family have been collected 
from Crested Serpent Eagle, Indian Fishing Eagle, 
Cattle Egret, Pond Heron, Night Heron, Black-necked 
Stork, Black-headed Oriole and Hawk Cuckoo. Only such 
of these as have been sufficiently studied so far are included 
here. 

Genus VTI. STBIGEA Abildgaard, 1793 

Three species of this genus are recorded. 

13. Strigea eUmgata Yamaguti 1935, variety-indica n. var. 

In Tube No. 7 of the Tropical School of Medicine 
Collection, from the Black-headed Oriole, were one 
complete and one broken specimen which, after measur- 
ing, were stained and mounted. They resemble closely in 
form and internal anatomy the Japanese species from 
Hawk ; but differ from them in size of body and also some- 
what in sizes of other organs. But as the description given 
below is based practically on one specimen. I consider it for 
the present only a new variety. 

Description. — Body characteristically like that of 
S. elongata Yamaguti, 1935. Before staining 2.61 long : 
fore body 1 007 x 0-67 ; hind body 01 x 06 in front of ovary, 
about 1 5 X 08 behind ovary : on mounting, it shrank to 
2-38. the .lapanese form being more than 4-0 long Oral 
sucker, terminal, anteriorly directed, 0-084 - 0126: 
pharynx 0 084-0117: acetabulum 017 in diameter, in 
hind part of fore body : lobes of hold fast organ just project 
beyond anterior rim of fore body : adhesive gland lobulated 
behind acetabulum. Ovary 0 168 x 0-25, near middle of 
hind body : testes as in type species, anterior 046 -0-506 
x 0 506, posterior 03 x 042 : vesicula seminalis, vitellaria 
and shell gland as in type species : eggs in uterus along- 
side testes, and in muscular genital cone, surrounding the 
terminal ducts; about ten in all, size 0-08 - 0-94 x 061 - 
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0-67 ; sucker-like genital atrium 0 252 x 0'336, opens 
postero-terminal, with genital papilla projecting into it. 
Tn intestine of Black-headed Oriole. 

14. Stripea fnlcoviR var. eaglesa n. var. 

The specimens form Indian Fishing Eagle, sent to me 
from Behar, measuring on fixation 2216 — 2'72 x O'OfiS — 
0’61, with their hind body twice as long as fore body, a short 
genital cone, and vitellaria in fore body, nearly all over 
but not masking the suckers, and in hind body to com- 
mencement of bursa, fall near S. falconis Szidat, 1929, 
according to his useful key. But S. falconis measures up 
to 5 0 long and 1-1 broad, and differs in measurements of 
internal organs, I consider the Indian form a distinct 
variety only as, the position of the ovary and other internal 
organs is the same as in S. falconis. 

Description. — Fore body 0 755 - 0-96 x 0 58 x 0-6, bell- 
shaped; hind body elongated, nearly of uniform width, 
146 -1 -76 X 0-58 — 059 : oral sucker 0117 in diameter: 
pharynx about as long as oral sucker : acetabulum 0 17, 
about middle length of fore body : hold fast organ with 
two lobes, protruding partly beyond rim : appear arising 
from a ring-like basal part (which has still to be studied 
in sections and may be the lobulated adhesive gland) : ovary 
0-15 — 0-168 X 021, 0 46 — 05 behind commencement of 
hind body, anterior to middle body : testes large rounded 
with rugose outline or feebly lobed, posterior more so than 
anterior ; anterior 0-3 — 0-34x0^37, posterior 0-3 — 038 x 
0-336 — 04; seminal vesicle large, S-shaped between hind 
testis and genital cone, bursa prominent, postero-terminal 
0-26 — 03 X 0-37 - 0-38, genital papilla protruding into it : 
eggs 1 or 2, 0084 x 0-0588. 

15. Strigea globocephalum n. sp. 

A number of examples sent from Behar, but from 
a different bird, the Crested Serpent Eagle, also 
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have the same general characters as the above species, but 
differ from it in body size, about 3.36 long. They have a geni- 
tal cone resembling that of S. elongata Yamaguti rather 
than of S. faleonis, Szidat, and differ from both these in the 
relatively more forward position of the ovary, clearly 
located within first third of hind body. The testes are also 
relatively more foward being located in middle third of 
body. Therefore the form is clearly intermediate between 
S. elongata and falconis, and given a new name because 
of its more rounded head part as seen in the majority of 
specimens examined, in some it appeared vase-shaped. 

Description. — Fore body 0-84 x 0-84 (1 24 — 084), usual- 
ly globular, sometimes vase-shaped, hind body bent dorsally, 
2-52 — 3-2 X 08 — 10, three to four times as long as fore 
body; oral sucker, prominent, subterminal, 0126x016; 
pharynx 0126 in diameter : acetabulum 0-21 in diameter, 
near hind margin of body : lappets strongly developed, ad- 
hesive gland prominent 0 336 in diameter ; ovary 017 — 
021x025-0-4 oval, transverse or oblique, in first third 
of body, nearly 0-7 — 09 from junction of body ; testes 
large, contiguous with one another; in side view, anterior 
059 X 0-59 — 0-67, posterior 067 x 059 — 0 67 ; in middle 
third of body ; vesicula seminalis voluminous with a retort- 
like posterior part opening on a papilla protruding into 
the muscular genital cone or sucker, 025 x 033; bursa with 
eggs and thick muscular walls, 0.336x0.5, opening 
terminal : eggs about six to eight in bursa, two or three 
in uterus, 0 1008 - 0117 x 0 059 - 0 84. In intestine of 
Crested Serpent Eagle. 

Genus VIII. APHARYNGOSTBIGEA Ciurea, 1927 

Examples of this genus were met with in Cattle Egret, 
shot by a relation of mine near Patna, in Behar, and 
the Night Heron, locally. The latter forms resemble very 
much the Australian species of the genus, A . simpleai 
F.24 
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Johnston, 1904 and therefore not studied in detail. The 
other one from the Cattle Egret is described below. 

16. Apharyngostrigea egretii n. sp. 

Of the three known species, listed in the Key of 
Szidat, A . simplex (Johnston) is readily distinguished from 
the above species, as well as from the European form A. 
cornu Geoze (Zeder) because both of them have lobed testes, 
instead of the entire testes of the Indian fluke. In this 
respect it is like the Brazilian trematode A . brasiliana 
Szidat, 1929. But the latter has a very different body 
form, smaller size, and more rounded and backwardly 
placed testes, besides other differences. Therefore the 
Indian form is distinctly new. 

Description. — Fore body 3-1 x 2-5 : hind body 4— 4 5 x 
22 — 2-5; oral sucker 018 in diameter, vitellaria over 
fore body, and also on hind body, but scarce on latter, in 
thin band along ventral surface : ovary small, oval 0-2 - 
0-3, testes ovoid: anterior, smaller than posterior, trans- 
versely elongated in side view ; anterior 0 336 x 04, pos- 
terior 0-33x0338. Eggs 0-84 x 009 — 0 05 — 0-07. Other 
particulars will be given later as the specimens are thick 
and have not been cut into sections. 

Genus IX. COTYLURIJS Szidat, 1929 

A single specimen of this genus mixed with other 
forms collected from Bengal, from the Fishing Eagle, was 
found by me in one tube. The specimen measures about 
1 83 in length and has the characteristic 8-like outline of 
the body. It approaches therefore the species C. cornutus 
Rudolphi, 1809, in size and differs from all the rest. But 
the Indian forms differ from Rudolphi’s species in its 
characteristically lobed testes, with rugose margin. There- 
fore a new species is created for it. 
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17. Cotflurus streptocorpus n. sp. 

Description. — Fore body 0756 x 108, nearly rounded, 
broader than long; hind body 108 x 0-71, about as long as 
the fore body is broad ; oral sucker, 0-126 x 0-21, a short 
distance back of the extremity : acetabulum 0-33 behind 
front margin, poorly developed 01 x 008 : hold fast organ 
with lappets of the usual type arising from a common 
base : vitellaria extend into fore body : ovary bean-shaped, 
posteriorly notched, transverse, 0 126 x 0 185 ; testes trans- 
versely elongated, with lobulated margins, ovary and testes 
close behind one another in middle third of hind body; 
anterior 0-26 x 0-63, posterior 0 21 x 0-59 : bursa, bulbous 
with muscular walls : eggs not present in the specimen. 
In intestine of Fishing Eagle. 


. Genus. X. OPHIOSOMA Szidat, 1929 

Two representatives of this genus have so far been met 
with. 


18. Ophisoma microcephalum Szidat, 1929 

A number of specimens resembling this species were 
collected from herons, locally, and I believe them to be the 
same species. 

19. Ophiosoma nuicrocepkala n. sp. 

Few specimens collected from Hawk Cuckoo, measur- 
ing in life 3 — 5 long; but on fixation the average size is 
about 2'75 — 31. The form is not so elongated as that of 
0. wedlii nor the head relatively so small as that of 0. 
microcephala, the only two known forms of the genus. 
The hind body is only three to four times as large as the 
fore body. 
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Descriftion . — Fore body 0-84 — 1-01 x 0'58 — (IBS, with 
narrow, anteriorly directed opening with lobed margin, 
containing few scattered vitelline follicles hind body 
about as thick as fore body, in middle, somewhat narrower 
towards both ends, l'93 - 26 x 0-67 : vitelline follicles dense 
ahead of ovary, thin in narrow band along ventral side to 
bursa ; ovary at 1007 behind junction, 0126x 0-21, testes, 
in side view deeply notched, with nearly smooth margin, 
not indented as in 0. wedlii : anterior 0-336 x 0-336; 
posterior 0-34 x 0-46 : vas deferens very wide, vesicula 
seminalis prominent between hind testis and bursa : bursa 
muscular, postero-terminal, opening wide ; eggs not 
present. In intestine of Hawk Cuckoo. 

Genus XT. RIDGEWORTHIA n. gen 

Generic diagnosis . — Strigeinae Bailliet, 1919. Body 
divided into a broad, short fore body, gradually merging 
into the hind body. Margins of fore body united to form 
a deep goblet, opening anteriorly. Oral sucker subter- 
minal, with two muscular patches at lateral corners of 
fore body, somewhat like those in Pulvinifer Yamaguti, 
1933. Acetabulum well developed about middle. Pharynx 
indiscernible. Oesophagus short. Intestinal caeca to 
posterior end of body. Hold fast organ a peculiar muscular 
ridge bent upon itself lying behind acetabulum with a 
prominant adhesive gland behind. Hind body cylindrical 
about one and a half to nearly twice the length of fore body. 
Ovary roundish about middle of hind body. Testes in side 
view elongated antero-dorsally, otherwise squarish with 
feebly crenulated margins. Anterior testis separated 
from ovary by a short distance. Posterior testis touches 
anterior. Vesicula seminalis not voluminous. Cirrus and 
cirrus pouch absent, vitellaria extending throughout fore 
and hind body. Uterus reaches near adhesive gland. 
Hermaphroditic canal present. Bursa with muscular 
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wall. [Other particulars will be furnished in the com- 
plete paper.] 

20. Ridgeworthia ramai n. sp. 

Description . — A number of specimens from the Night 
Heron displayed a very peculiar and characteristic 
muscular hold fast organ, twisted upon itself in a promi- 
nent fashion like a broad ridge. This character is not met 
within any known genera hence a new genus erected with 
above diagnosis. As all available material is pressed and 
mounted other details will be furnished later. Body 
length 3-27 -4- 14 : fore body 1 08 - 1 17 x 0 85 - 0 86 : hind 
body 21 — 3 06 X 0 37 — 0-46 : oral sucker 0 15 in diameter : 
a muscular depression on either side of antero-lateral 
margin of fore body : pharynx not seen. Acetabulum 0-35 — 
0 37 distant, 0T5 — 02 in diameter : hold fast organ 042 x 
0 547, ovary 0 17 x 0-29 ; anterior testis 0 35 x 017 (side 
view), 0-336 X 0-336 (dorsal view); posterior 042 x 017 
(side view), 0336x042 (dorsal view); post testicular dis- 
tance 0506. Uterus with many eggs 0084 — 0-092 x 0-05 
— 0-07 : bursa postero terminal. In intestine of Herons. 

21. Holostomum Serpens 

Some specimens resembling the above species have 
been obtained from Black-necked Stork about 4-5 long. 
But they have not yet been completely studied. The hind 
body has a long neck, with all the generative organs located 
at the hind extremity into bulb-like expansion. 
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